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AUTHOR'S  PEEFACB  TO   THE  FIRST 
EDITION. 


Thb  appearance  of  this,  the  second  volame  of  my  lectureB 
has  been  delayed — much  against  my  wish — by  my  removal 
to  Leipzig,  and  also  by  repeated  and  prolonged  illness.  I 
cannot,  unfortunately,  hide  from  myself  that,  in  spite  of  this 
long  delay,  the  book  now  concladed  is  still  incomplete.  An 
exposition  of  the  pathology  of  the  sense-organs  and  muscular 
movements  will  not  be  missed,  for  no  one  will  have  expected 
me  to  include  them  in  these  lectures ;  yet  one  section,  and 
a  most  important  one  moreover,  has  been  omitted, — the 
pathology  of  the  nervotw  system.  No  one  can  regret  this 
more  than  myself;  nor  have  I  been  wanting  in  efforts  to 
supply  the  deficiency.  I  have  again  and  again  applied  to 
those  who  at  present  are  regarded  as  the  most  distinguished 
authorities  on  nervous  pathology  in  this  country,  in  the  hope 
that  some  one  of  them  might  undertake  this  section  of  my 
lectures  ;  but  nowhere  has  my  request  been  favorably  enter- 
tained. And  not  simply  on  personal  grounds :  I  have  been 
assured  by  all  that  a  systematic  exposition  of  the  pathology 
of  the  nervous  system  is  at  the  present  moment  impossible 
or  at  least  impracticable.  I  am  aware  of  course  that  such 
statements  have  only  a  relative  value ;  yet  this  unanimity  of 
the  most  competent  judges  has  sufficed  at  any  rate  to  deter 
me  from  attempting  the  thorough  treatment  of  this  portion 
of  our  science,  not  having  at  my  command  that  most  valu- 
able aid  of  nervous  pathology j'^the  regular  observation  of  a 
large  number  of  nervous  cases. 

Thus  I  have  been  compelled,  for  good  or  ill,  to  publish 
these  lectures  in  their  present  incomplete  form. 


LllPSIfl;  Juljf  aoM,  1880. 


AUTHOR'S  PREFACE  TO  THE   SECOND 
EDITION. 


In  this,  the  second  volnme  also,  I  hope  that  I  have  done 
justice  to  all  the  more  important  researches  which  have 
appeared  since  the  publication  of  the  first  edition.  Owing 
to  the  much  shorter  time  that  has  elapsed,  however,  it  has 
not  been  found  necessary  to  make  snch  considerable  altera- 
tions as  were  required  in  the  first  volume. 

Leipzig;  Jmljf,  1882. 
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SECTION  in. 

THE   PATHOLOGY   OF  '  DIGESTION. 


HAvara,  in  the  foregoing  section^  discussed  the  alterations 
which  may  be  produced  bj  pathological  processes  in  the  con^ 
aiiiution  of  the  different  apparatus  of  the  human  body,  we  are 
now  in  a  position  to  undertake  the  detailed  consideration  of 
the  functional  disturbances  to  which  the  various  apparatus 
are  liable.  The  course  to  be  adopted  in  doing  so  follows 
directly  from  our  conception  of  the  office  of  general  patho- 
logy. For  the  pathology  of  digestion,  respiration,  &c.,  can 
for  QB  have  no  other  meaning  than  the  doctrine  of  digestion, 
respiration,  &o.,  under  morbid  conditions  ;  under  conditions, 
that  is,  which  deviate  from  the  normal.  It  will  be  our  busi- 
ness, then,  to  analyse  from  this  standpoint  all  the  phases 
of  digestion,  respiration,  &c.,  in  a  systematic  manner ;  taking 
physiology  as  our  model,  and  all  the  more  willingly  following 
in  its  footsteps  as  these  very  sections  are  some  of  the  most 
thoroughly  oulti  rated,  and  exhaustively  treated,  portions  of 
the  sister  science.  In  considering  the  pathology  of  digestion, 
which  will  first  occupy  our  attention,  we  shall,  accordingly, 
stndy  in  succession  the  yarious  divisions  of  the  alimentary 
canal,  and  consider  the  several  derangements  to  which  this 
process  is  there  exposed^  in^  and  in  consequence  of,  patho- 
logical conditions. 
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CHAPTER  I. 

THE  MOUTH,  PHAETNX,  AND  (ESOPHAGUS. 

Ohstacles  to  mastication, — Conditions  on  which  the  secretion 
of  saliva  depends, — Salivation, — Mercurial  ptyalism. — 
Salivation  m  nervous  diseases, — Diminished  secretion, — 
Buccal  mucus, — Thrush, 

Interference  with  the  act  of  deglutition. 
Narrowing  of  the  oesophagus, — Functional  disturbances 
of  its  musculature, — Spontaneous,  traumatiCf  andsecondary 
perforations  of  the  oesophageal  wall, — Diverticula, 

LvT  as  briefly  recall  the  share  taken  by  the  moutli  in  tbe 
physiological  process  of  digestion.  Into  its  cavity  th6  varions 
substances  composing  our  food  are  introdnced ;  the  flnids  by 
being  ponred  or  sucked  in,  and  the  solids  by  being  placed 
in  it,  or  bitten  off  by  the  incisor  teetb.  Mastication  then 
begins,  and  the  solid  pieces  are  divided  by  the  incisors  and 
crashed  by  the  molars  and  premolars,  as  the  movements  made 
in  chewing  go  on  j  while  the  softer  portions  are  also  braised 
by  the  pressure  of  the  tongue  against  the  hard  palate. 
Daring,  and  in  furtherance  of,  the  process  of  subdivision,  the 
morsels  are  rolled  in  all  directions  by  the  tongue  and  by  the 
muscles  of  the  lips  and  cheeks,  and  at  the  same  time  inti- 
mately mixed  with  the  fluids  of  the  mouth.  In  this  way 
the  different  kinds  of  solids  are  converted  into  a  soft  pulp 
that  may  be  easily  swallowed.  This,  however,  is  not  the  sole 
effect  of  the  miated  saliva,  consisting  of  the  buccal  mucus  and 
the  secretions  of  the  salivary  glands ;  its  chemical  qualities 
have  also  to  be  considered.  For  not  only  can  the  undissolved 
but  soluble  constituents  of  the  food,  such  as  sugar,  salts,  and 
tbe  like,  undergo  solution  in  the  mouth,  but  starch  may 
there  be  transformed  into  dextrin  and  sugar. 
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You  will  be  ready  to  dispense  with  a  detailed  dcacription 
of  the  possible  disturbances  to  which  buccal  digestion  is  ex- 
posed through  the  action  of  causes  which  either  prevent  the 
food  from  being  taken  into  the  mouth  or  interfere  with  its 
subdivision.  I  need  not  tell  you  that  an  individual  who  has 
lost  his  teeth,  or  fractured  or  diblocated  his  jaw,  cannot  bite 
and  chew  so  well  as  another  ;  or  E.hat  a  person  suffering  from 
iaflamniation  of  tlie  tongue  or  other  part  of  the  mouth  will  1>e 
greatly  iucouveiiieuced  during  inivsCication,  ii  only  because,  to 
ftvoid  pain,  he  carefully  guards  against  all  contact  with,  and 
movement  of,  the  Umj^ug.  The  difficulty  of  partaking  of  food 
and  chewing  must  be  still  greater  in  -paralytfis  of  th^  muwle*  of 
the  lips,  choeks,  and  tongue,  as  well  as  of  the  muscles  of  maa- 
ticatiou.  Of  those  the  m.  orbicul.  oris  and  buccinator  are 
supplied  by  the  facial,  the  tongue  by  the  hypoglossal,  and  the 
masticatory  muscles  by  the  third  division  of  the  trigeminns. 
Such  paralyses  are  sufficiently  often  observed,  either  isolated 
or  in  definite  combinations;  as,  for  example,  the  palsy  of  the 
lipa  and  tongue  in  bulbar  paralysis.  When  the  orbicularis 
ia  oompletely  paralysed  the  mouth  cannot  be  closed.  Para- 
IjsLaof  tbo  rouKclos  of  mastication,  if  unilateral,  makes  chewing 
OQ  tbo  affected  side  impossible ;  if  bilateral,  causes  the  lower 
jaw  to  hang  relaxed.  If  the  tongue  cannot  be  moved  properly 
ttod  with  sufficient  force,  the  food  is  not  sufficiently  subdivided 
and  mixed  with  the  saliva,  and  the  patient  has  the  greatest 
difficulty  in  converting  it  into  a  pulp  that  may  be  swallowed. 
A  person  affected  with  bulbar  paralysis  is  quite  commonly 
observed  to  let  portions  of  his  food  fall  from  the  imperfectly 
closed  mouth,  and  to  seek  to  assist  himself  in  chewing  by  means 
id  his  fingers — uu  unappetising  spectacle,  only  surpassed  by 
Ibo  escape  of  particles  of  food  and  jaices  from  the  mouth 
through  pathological  apertures  in  the  wall  of  the  cavity. 
Pood  often  so  escapes  in  cancerous  destruction  of  the  cheek  and 
in  noma  ;  while,  in  defects  of  the  hard  palate,  there  is  danger 
leal  it  may  be  forced  into  the  nasal  cavity.  All  these  con- 
ditions are  so  simple,  and  so  little  open  to  misinterpretation, 
that  yoQ  will  surely  agree  with,  me  as  to  the  expediency  of 
turning  at  ouce  tu  the  only  portion  of  the  pathology  of  the 
mouth  which  demands  more  careful  consideration,  namely, 
alterations  of  the  buccal  Becreiions. 
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In  pathology,  just  as  in  pkysiology,  the  constitaents  of  the 
ffitxed  saliva  must  each  be  attended  to  separately.  Of  one 
of  them^  the  buccal  mucus,  we  know,  indeed^  that  it  is  the 
product  of  the  entire  mucous  membrane  of  the  mouth  with 
its  numerous  minute  mucous  glands  ;  still  the  conditions  on 
which  its  formation  depends  are  no  better  elucidated  than  in 
the  case  of  other  membranes  of  the  same  class.  We  are  much 
more  accurately  informed  with  regard  to  the  activity  of  the  six 
]&Tgesalivarv  glands  which,  pour  their  secretions  into  the  month. 
The  most  important — indeed,  fundamental — fact,  with  which 
Ludwig's  celebrated  experiments  have  made  us  acquainted, 
is  the  dependence  of  the  salivary  secretion  on  nervous  influence. 
During  physiological  life,  stimulation  of  the  salivary  nerves 
occurs,  as  is  known,  in  the  great  majority  of  instances  in  a 
reflex  manner,  most  frequently  by  far  through  excitation  of 
the  nerves  of  sensation  and  taste  of  the  buccal  cavity.  But 
the  impulse  may  also  be  conveyed  to  the  secretory  nerves 
by  fibres  of  the  vagus  originating  in  the  stomach  ;  or  even 
by  remote  sensory  fibres  distributed  to  the  intestines,  or  the 
genitals,  or  forming  part  of  the  sciatic.  Moreover,  the  flow 
of  saliva  which  accompanies  mastication  depends  solely  on 
the  simultaneous  excitation  of  the  secretory  nerves  ;  and  it  is 
they  too  that  convey  the  well-known  influence  exerted  on  the 
salivary  secretion  by  certain  psychical  representations.  After 
section  of  the  salivary  nerves,  none  of  these  factors  can  cause 
the  flow  of  a  single  drop  of  saliva.  On  considering  in  addi- 
tion that  not  only  is  the  amount  but  the  quality  of  the  saliva 
most  evidently  controlled  by  the  nervous  system,  it  will  be 
apparent  that  we  have  ample  grounds  for  resorting  chiefly  to 
nervous  influences  for  an  explanation  of  any  pathological  al- 
terations of  the  salivary  secretion  that  may  come  under  our 
notice.  Nor  do  we  meet  with  any  serious  difficulties  in  so 
doing.  The  fact  familiar  to  everyone  from  personal  experi- 
ence that  the  presence  in  the  mouth  of  a  small  ulcer  or  wound 
— I  may  remind  you  of  the  injury  produced  by  drawing  a 
tooth — is  attended  by  the  production  of  large  quantities  of 
saliva,  is  simply  explained  by  the  continuous  irritation  of  the 
sensitive  fibres  of  the  mucous  membrane.  And,  similarly,  when 
certain  diseases  of  the  stomach  or  intestines,  hysteria  in  many 
instances,  and  pregnancy  in  the  first  months,  are  associated 
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with  profuse  secretion  of  saliva,  it  is  the  sensory  nervous  supply 
of  tho  organ  concerned  that  brings  about  the  increased  excita- 
tion cif  the  salivary  nerven.  So  long  as  the  increase  is  mode- 
rate,  it  may,  indeed,  prove  trotihlesomo,  and  give  nso  to  fre- 
quent •'pitting;  still  the  greater  part  of  tho  siiliva  will  gra- 
dually flow  unnoticed  luto  the  stomach.  In  the  most  severe 
c«»es,  hiiwcver,  this  means  of  escape  is  no  longer  sufficient ; 
the  Bhliva  streams  continuously  out  of  the  patient's  mouth, 
and  constitutes  what  is  known  tisjitijaltftm.  The  latter  is  there- 
fore simply  tho  effect  of  an  abnormally  energetic  and  unusu- 
ally persistent  action  of  the  salivary  nerves;  and  the  object 
of  pathologicnl  analysis  must  be  to  discover  in  each  case  the 
cause  of  their  abnormal  excitation.  Now,  it  is  only  rarely  that 
the  atimuluH  to  true  salivation  proceeds  from  the  gaetro-in- 
testinal  canal  or  the  genitals  ;  and  even  ordinary  inflamma- 
tion of  the  totigue  or  gums  is  at  worst  associated  with  a  more 
or  lesa  transitory  flow.  Nevertheless,  it  is  certain  that  by 
far  tho  most  common  form  of  ptyalism,  that  called  forth  by 
the  uve  of  mi-rciiry,^  is  a  mere  reflex  phenomenon  started  in 
the  month  itself.  True,  this  subject  is  not  yet  fully  cleared 
up.  A  ready  and  rapid  passage  of  mercury  into  the  saliva, 
SQcb  as  tjikcs  place  with  iodine  or  bromine,  is  altogether  out 
of  the  qnchtion.  Rather  if  the  mercury,  introduced  in  any 
wav  into  the  bodies  of  men  and  dogs,  passes  over  at  all 
into  tho  pure  saliva,  it  does  so  in  very  minute  quantities,t 
and  though  its  presence  can  more  frequently  be  detected 
in  the  mixed  saliva  of  individuals  with  mercurial  ptyalism, 
the  mercury  may  in  these  cases  be  derived  from  the  buccal 
maeous  membrane  with  its  epithelial  cells,  of  which  it  forms 
ft  regular  tissue-constitncut  after  its  absorption  into  the 
juices  of  the  bodv-J  Still  it  may  be  taken  as  most  probable 
that  it  is  the  mercurial  compounds  coming  into  contact  with 
tht  -  Ti^  membrane  of  the  mouth  that  produce  the  general 
«!•  which  is  sometimes  so  severe.      Whether  they  are 


*  KTiamiKnl.  *  tTnti^niiiehiingftn  iihcr  dr.n  cnniititutionelUn  M^rcorift- 
Ihuoii.'  WCnthnrg.  1861  ;  Bftiubei^'er.  Vixch.  'Htib.  d.  »peo.  PstlioIrtgrV  ▼»# 
AUhV.  i.  p.  66;  KlrchjfhMer,  •  Virvh.  A..'  «xii,  p.  145. 

t  O.  Schmidt,  •  Ein  licitiiig  t.  Fmpi:  der  EliiiiinftUon  don  Quecksilbcni 
AIM  dem  Korper,  mit  Bcaicksii-'htigun^  deti  SpeicIieU/  I.<D.  Dvrpat,  1879* 

t  Kuhne,  '  Pli)-»iolajj.  Chemio.*  p-  »i. 
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excreted  into  the  tnoutli  with  the  saliva  or  with  the  buccal 
macas^  or  are  introduced  directly  into  its  cavity  in  the  form 
of  some  preparation,  ot  as  a  vapour,  for  example,  in  the  cure 
by  inunction,  the  ensuing  stomatitis  brings  on  profuse  saliva- 
tion. True,  the  mercury,  it  would  appear  from  some  experi- 
ments of  Yon  Mering'*^  on  cats,  has  also  a  directly  stimulating 
action  on  the  salivary  nerves,  and  in  this  way  augments  the 
secretion. 

Other  cases  of  increased  salivary  secretion  are  not  due  to 
reflex  action,  though  their  origin  is  undoubtedly  nervous. 
Patients  with  trigeminal  neuralgia  not  unfrequently  complain 
of  a  troublesome  accumulation  of  saliva  in  the  mouth,  and 
even  complete  salivation  has  occasionally  been  observed  in 
chronic  cerebral  diseases.  The  explanation  of  this  form  of 
salivation  would  not  be  attended  by  difficulty,  had  we  always 
in  these  cases  to  deal  with  morbid  processes  within  the 
cranium,  the  efEect  of  which  might  be  considered  to  be  an  ab- 
normal and  persistent  stimulation  of  the  facial  or  glosso-pha- 
ryngeal  centre.  Now  it  is  true  that  the  saliva  is  invariably 
very  thin  and  watery,  and  has  all  the  characters  of  the 
"  facial  secretion ;"  yet  it  hardly  harmonises  with  such  a  view 
that  the  other  symptoms  presented  by  these  patients  point 
rather  to  a  paralysis  than  to  an  excitation  of  the  centre  in 
question.  Thus,  in  the  progressive  bulbar  paralysis  already 
mentioned,  a  salivation,  which  may  sometimes  be  very  intense, 
is  one  of  the  most  constant  symptoms,  and  often  proves 
troublesome  to  the  patient  at  a  time  when  the  interference 
with  deglutition  is  still  comparatively  trifling.  If,  then,  the 
ptyalism  of  bulbar  paralysis  is  quite  independent  of  the  im- 
paired power  of  swallowing  and  beyoud  doubt  a  direct  result 
of  the  nervous  affection,  the  view  of  Kn8smanl,t  who  regards 
it  as  the  analogue  of  Bernard's  so-called  paralytic  secretion, 
would  appear  to  have  much  to  favour  it.  Nor  would  his  view 
be  contradicted  by  the  fact  that  the  salivation  of  these  patients 
is  considerably  reduced  by  small  doses  of  atropin,  and  even 
for  a  time  completely  arrested  by  this  drug;  for  as  R.  Kayser  J 
has  shown,  the  same  thing  occurs  in  the  paralytic  secretion 

*  T.  Mering, '  A.  f.  exper.  Patholog./  xiii,  p,  86. 

t  KnMmaal, '  VolkmaQii'sche  Yortrage,  No.  54,  1S73. 

t  Kayser,  <  D.  A.  f.  klin.  Med.,'  xiz,  p.  145. 
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after  diTisiou  of  the  cborda.  On  the  other  hand^  it  can 
scarcely  be  reconciled  with  this  view  that  the  salivation  in 
bulbar  paralysis  may  bo  increased  in  a  reflex  manner,  e.y.  by 
gaivanieiug  the  tongue  ;*  but  it  is  above  all  the  quantity  and 
long  continuance  (often  for  many  months)  of  the  flow  in  this 
disease  that  renders  it  impoKsible  to  regard  it  as  the  equivalent 
of  the  paralytic  secretion  of  the  physiologist.  We  must 
assent  to  the  opinion  of  Bergerf  that  every  marked  and  long- 
eondaued  salivation,  setting  in  daring  disease  of  the  central 
nervoas  system,  should  under  all  circumstances — even  though 
motor  paralytic  phenomena  are  coincidently  present — be  rc- 
fSorrod  to  abnormal  Himulation  of  the  salivary  nerve-centre  ; 
whereby  it  is  true  the  different  glands  may  be  very  un- 
eqaally  involved,  even  in  the  eame  individual  at  dififorent 
ihods. 
[t  has  just  been  stated  that  salivation  always  supplies  a 
1t(^c^>tion  having  the  same  character  as  that  produced  by 
stimulation  of  the  chorda;  and  since  the  saliva  produced 
physiologically  becomes  poorer  in  solid  constituents  the  longer 
the  pruceHSof  secretion  lautH,  it  must  in  this  case  also  be  very 
thin  and  of  $light  coficentraiwn.  Its  specific  gravity,  espe- 
cially in  long-continued  ptyulism,  may  fall  almost  to  that  of 
water,  and  its  contents  in  sugar-forming  ferment  be  extremely 
low.  True,  the  loss  of  ferment  thus  brought  about  will  be 
more  than  counter-balanced  by  the  quantity  of  saliva  secreted  ; 
Bi>  that  in  explaining  the  prejudicial  effects  of  profuse  or  per- 
sistent salivation  oa  the  organism,  too  much  stress  must  not  be 
laid  on  the  imperfect  transformation  of  amylaceous  matters. 
Nor  is  the  torn  of  water  a  factor  that  can  throw  light  on  the 
occasional  striking  and  rapid  emaciation  of  these  patients, 
altboDgh  in  extreme  cases  it  may  amount  to  several  litres 
daily,  and  is,  as  a  rule,  accompanied  by  a  noticeable  dimiuu- 
tiou  of  the  urinary  excretion.  Much  more  importance  un- 
donbtedly  attaches  to  the  anorexia  associated  with  every  case 
of  salivation,  and  more  especially  to  the  great  dilution  and 
hlitnting  of  tkr.  gogtric  juicCy  due  to  the  constant  swallowing  of 
large  (luantitiea  of  alkaline  saliva.  To  these  must  be  added 
the  interference  with  sleep,  occasioned  by  the  uninterrupted 
•  K.  Mayer* '  Virch.  A.,'  Ixi.  p.  I. 
t  Kaysor  *  U.  A.  f.  klin.  Med^*  xix.  p.  US' 
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escape  of  the  saliva,  and,  above  all,  the  varions  pathological 
factors  which  are  themselves  the  cause  of  the  salivation. 

Buccal  digestion  itself  must  be  much  more  disturbed  by  a 
condition  the  very  opposite  of  salivation — i.e.  by  extreme 
diminution,  and,  still  more,  by  aupjyression  of  the  aalivary  aecre- 
tion.  The  latter  can  scarcely  occur  in  pathological  conditions, 
or  only  in  such,  at  least,  where  the  interference  with  buccal 
digestion  is  of  very  subordinate  importance.  For  to  com- 
plete cessation  of  the  secretion,  either  the  destruction  of  all  the 
glands,  or  the  absence  of  every  nervous  influence  would  be 
necessary ;  and  though  suppuration  or  gangrenous  disintegra- 
tion of  the  submaxillary  or  parotid,  or  occlusion  of  the  duct 
by  a  salivary  calculus  or  a  cicatrix,  followed  by  consecutive 
atrophy  and  wasting  of  the  affected  organ,  is  often  observed, 
yet  the  glands  still  remaining,  more  particularly  the  corre- 
sponding one  of  the  opposite  side,  afterwards  secrete  the 
more  energetically.  But  the  organism  is  fairly  well  protected 
against  even  a  reduction  of  the  salivary  secretion  by  the  cir- 
cumstance chiefly  that  the  production  of  saliva  is  compara- 
tively independent  of  the  size  of  the  blood-stream.  Arterial 
congestion  is  nothing  abnormal  in  the  secreting  glands,  but 
a  strictly  physiological  condition  ;  and  since  Heidenhain*  was 
able  to  determine  that  the  rate  at  which  saliva  is  secreted  is 
not  reduced,  in  consequence  of  diminished  blood-supply,  until 
the  supply  of  oxygen  to  the  gland  becomes  inadequate,  it  can 
hardly  be  expected  that  a  diminution  of  the  secretion  will 
result  from  any  of  the  ordinary  anssmias  depending  on  dis- 
ease. The  same  may  be  confidently  asserted  of  mechanical 
hypersemia,  and  perhaps,  too,  of  inflammatory  disturbance  of 
the  circulation.  The  only  factor  reducing  the  secretion,  of 
which  we  have  any  positive  knowledge,  is  pyrexial  rise  of 
temperature.  This  has  been  directly  established  for  the  parotid 
secretion  ;t  and,  setting  analogy  aside,  the  invariable  dryness 
of  the  mouth  in  febrile  affections  renders  it  extremely  pro- 
bable that  the  other  glands  behave  similarly. 

When  the  secretion  has  been  reduced,  and  the  I'eduction 
is  any  way  considerable,  those  phases  of  buccal  digestion  will 

*  Heidenhain,  '  Stndien  des  pbysiolog.  Institnts  zn  Breslan/  ir,  p.  99, 
1868. 
t  Motler,  'Berl.  klin.  Wochensclmft/  1866,  Noe.  16,  17. 
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nAturallj  snffer  most  which  are  mainly  dependent  on  a  strong 
flow  of  water  into  the  cavity  of  the  mouth,  viz.  the  conver- 
aion  of  the  morsels  into  a  soft  pulp  and  deglutition.  •  The 
swollowing,  more  especially  of  dry  and  solid  food,  will  then  be 
pftinfui  and  extremely  troublesome ;  since,  without  a  plentiful 
admixtnre  of  liquids,  the  solids  cannot  be  properly  moulded 
in  the  mouth.  This  difficulty  may  be  overcome  by  taking  the 
grratrr  part  of  the  food  in  liquid  form,  or  at  least  by  saffi- 
cieutly  moistening  the  solids  by  drinking — a  resort  to  which, 
as  you  know,  all  fever  patients  instinctively  betake  them- 
selves. How  little  digestion,  and  the  health  generally,  are 
affected  by  the  diminution  of  the  salivary  secretion,  is  most 
strikingly  proved  by  the  state  of  dogs  in  which  salivary  fistulfti 
have  been  eatablirthed  on  both  sides,  or  from  which  all  the 
glands  have  been  removed.  Fehr*  observed  such  dogs  for 
months  together,  and  perceived  neither  wasting  nor  other 
morbid  ey  uiptom  ;  in  fact;  the  animals  behaved  as  usual,  except 
that  ihey  drank  more  water  than  before  tl»e  operation.  Should 
this  experiment  be  objected  to  on  the  ground  that^  the  saliva 
of  the  d(*g  containing  no  diastatic  ferment, t  it  canuot  fairly 
be  applied  to  man,  you  will  please  remember  that  iu  human 
diseases  the  production  of  saliva  is  not  completely  arrested,  as 
in  these  dogs,  but  only  diminished.  In  fever  patients^  too, 
the  power  of  converting  starch  into  sugar  is  never  absent  from 
the  saliva  secreted. 

That  the  di»static  energy  of  the  saliva  is  not  impaired  by 
the  presence  of  such  foriigu  substances  as  enter  the  blood 
in  any  way,  and  then  become  excreted  with  the  saliva,  is 
still  l«5S  open  to  doubt.  The  secretion  of  individuals  who 
have  taken  preparations  of  iodine  or  bromine,  though  con- 
taining these  elements,  converts  stJirch  into  dextrin  and  t^ugar 
DO  less  nipidly  thnn  before.  For  the  rest,  the  substances 
pacing  over  fn»m  the  blood  into  the  saliva  are  few  in  number  ; 
and  many  rery  soluble  bodies  are  not  excreted  through  the 
F-'  lands,  even  when  present  in  considerable  quantities 

ill  culation.      The  pure  glandular  secretion  of  the  dia- 

betic never  contains  sugar  ;  that  of  the  icteric  never  contains 

*  Fvfar.  '  VehfT  die  £xtirpationsaniiDtUcherSpeicheldnu«nbeliu  Himde, 
Infttig.-LHiisert.  Gienen,  1862. 

t  OTiitmcr, '  PQu^.  A.'  xii,  p.  385. 
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bile*piginent ;  while  in  the  nmmic^  or  in  animals  with  liga- 
tured ureters,  urea  may  with  certainty  be  discovered  in  it.^ 
A  more  serious,  or  rather  the  only  serious,  obstacle  to  the  dia- 
static  action  of  the  saliva  is  its  often  observed  acidity.  When 
this  concerns  only  the  secretion  which  has  become  sour  as  the 
result  of  stagnation  in  the  ducts,  as  e.g.  the  first  few  drops 
after  long  functional  inactivity  of  the  gland,  it  is  quite  unim- 
portant. Still  a  persistent  acid  reaction  has  been  seen  a  few 
times  in  saliva  obtained  from  fistulse,  and  the  parotid  secretion 
in  particular  of  the  diabetic,  has  been  found  by  Moslerf  to 
be  sour,  as  a  rule.  On  what  this  alteration  of  reaction  depends 
is  unknown.  The  degree  of  alteration  will  essentially  deter- 
mine whether  the  fermentative  energy  of  the  saliva  so  altered 
will  be  considerably  reduced  or  not;  since  the  transformation 
of  amylum  by  the  salivary  diastase,  while  it  most  readily  takes 
place  in  nentral  or  slightly  alkaline  solutions,  is  scarcely  re- 
tarded by  the  presence  of  minute  quantities  of  free  acid. 

One  principal  class  of  the  causes  which  lead  to  increased 
secretion  by  the  salivary  glands  must  also  augment  the  second 
constituent  of  the  mixed  saliva,  that  is,  the  mucus.  For 
inflammatory  irritation  of  the  mucous  membrane  of  the 
month,  like  any  other  catarrh,  always  gives  rise  to  a  more 
abundant  production  of  its  proper  secretion.  The  catarrhal, 
is  distinguished  from  the  normal,  mucus  by  its  containing  a 
large  amount  of  epithelial  shreds  and  debris,  as  well  as  by  the 
presence  in  it  of  many  lymph-corpuscles  and  an  excess  of 
dissolved  albumen.  This  explains  the  fact  that,  at  the  com- 
mencement of  mercurial  ptyalism,  the  saliva  may  have  a  high 
specific  gravity  and  be  tolerably  concentrated,  while  if  the 
condition  lasts  long,  the  thin  secretion  completely  gains  the 
npper  hand.  Buccal  digestion  proper  cannot,  however,  be 
interfered  with  by  the  increase  of  mucus,  especially  as  its 
reaction  continues  unaltered.  The  mle  applying  to  the 
salivary  secretion  holds  good  here  also,  and  a  difninution  must 
be  more  injurious  than  an  increase  in  the  production  of  mucus. 
It  is  well  worth  noting,  in  this  connection,  that  in  fever,  not 
only  is  less  saliva  secreted,  but  less  mucus  formed.  Only  in 
this  way  can  we  explain  the  tendency  of  the  mouth  of  fever- 

*  Enhne, '  Physiolog.  Chemie,'  p.  34. 

t  Hosier, '  BerL  kiln.  Wocheiuohrift,'  1866,  No«.  16,  17, 
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patients  to  become  dry.  For  Fehr  found  that  in  dogs  from 
which  all  the  salivary  glands  had  been  removed,  there  was 
still  a  sufficient  quantity  of  alkaline  liquid  to  keep  the  tongue^ 
and  the  rest  of  the  mouth  moiat.  Fever-pntients,  on  th( 
other  hand,  require  for  this  object  a  regular,  often  repeated 
RUpply  of  water,  failing  which,  the  tongue  acquires  an  intense 
red  colour,  and  ap[}ears  smooth  and  shining,  as  if  glazed  ;  or, 
when  the  epithelium  largely  accumulates,  becomes  coated 
and  dry  aiid  fatnired  on  the  surface.  Hence,  we  do  not 
always  meet  with  these  dry  tongues  in  fever,  even  when 
the  patient  breathes  through  the  open  mouth,  owing  to  ob- 
struction of  the  nose.  The  mouth  is  parched  only  when 
ho  feela  no  thirst,  or  neglects  to  satisfy  it ;  in  a  word,  when 
ecf)i8Ciousn€Jts  ig  dulled,  and  the  individual  is  unaware  of  hia 
sorronndings.*  It  is  not,  you  perceive,  the  mere  question  of 
disadvantage  to  buccal  digestion,  but  much  more  weighty 
considerations  that  havefor  ages  caused  drynessof  the  mucousj 
tuembrane  of  the  mouth  to  be  looked  upon  as  a  symptom  of 
serious  illness. 

We  havf,  laxtly,  to  inquire  whether,  after  the  secretiong 
have  aecnmulatrd  in  the  mouthy  any  factors  exist,  by  which 
their  activity  may  be  impaired.  Here  also,  from  the  nature 
of  the  case,  the  only  change  that  can  well  occur  is  the  appear- 
ance of  an  intensely  sour  reaction  in  the  mouth.  The  condi- 
tion is  anything  but  uncommon.  Not,  as  has  been  supposed, 
at  the  fluids,  and  in  particular  the  mucus,  ever  lose  their 
.Ikaline  reaction  spontaneously,  or  in  consequence  of  inflam- 
mation I  But  the  mouth  affords  an  extremely  easy  means  of 
entrance  for  all  kinds  of  lotrly  oryaiiism/tj  some  of  which,  as 
jon  know,  have  the  power  of  setting  np  acid  fermentations 
in  solutions  of  organic  substances.  I  remind  you  of  the 
lactic  and  butyric  fermeutatious  of  sugar,  of  the  acetic  fer- 
mentation and  the  production  of  monld  in  wine  ;  the  ferments 
of  which  decompositions  have  long  been  known  to  be  de6nite, 
well-marked,  lowly  forms  of  fungi.  These  forms  are  uni- 
Tersnlly  distributed,  so  that  the  accidental  presence  of  their 
rms  in  the  mouth  requires  no  explanation.  8till  their 
further  development  in  healthy  persons,  in  whom  the  contents 

*  Tr>ub«,  Svnipt^me  der  Krankheitca  des  Reepirutions-  nnd  CircaUttons- 
sppanta,' Borliti.  1867.  p.  134. 
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of  the  cavity  are  constantly  and  rapidly  changing,  must  he 
anything  but  vigorons.  On  the  other  hand,  the  conditions 
of  growth  are  most  favorable  when  particles  of  food  or  secre- 
tions containing  epithelium  are  retained  in  the  mouthy  as 
happens  in  the  semicomatose^  in  persons  exhausted  by  pro- 
longed suffering,  or  in  young  badly  nursed  and  delicate  chil- 
dren. In  point  of  frequency  of  occurrence  and  intensity  of 
action,  by  far  the  most  important  of  these  organisms  is  the 
thrush  fungus  J  or  so-called  Oidium  albicans,  which  had  erro- 
neously been  connected  with  Oidium  lacHa,  but  was  proved 
by  GrawitZj*  in  an  interesting  communication,  to  be  identical 
with  Mycoderma  vini,  one  of  the  commonest  blastomycetss. 
Mycoderma  belongs  to  the  great  class  of  parasitic  f angi  which 
flourishes  luxuriantly  on  dead  organic  substrata,  but  which 
can  also,  in  exceptional  circumstances,  settle  on  uninjured 
tissues,  and  there  vegetate  freely.  When  the  favorable  con- 
ditions just  mentioned  are  present,  white  points,  the  size  of  a 
pin's  head,  make  their  appearance  on  the  inside  of  the  lips 
or  cheeks.  These  increase  in  number  and  coalesce  to  form 
delicate  membranous  coatings.  A  great  part  of  the  mouth 
may  thus  be  covered,  as  early  as  the  second  or  third  day,  by 
a  material  reminding  one  of  curdled  milk.  This  may  extend 
low  down  into  the  pharynx,  or  even  into  the  oesophagus,  at  first 
lying  loosely  on  the  surface,  but  adhereing  rather  firmly  when 
the  fungus  has  grown  between  the  deeper  layers  of  epithe- 
lium. These  are  the  thrush-membranes  which,  in  the  new-bom, 
are  also  known  and  dreaded  under  the  name  of  "  8chwamm^ 
chen."  They  are  dreaded,  because  their  development  is  always 
accompanied  by  an  acid  fermentation  of  the  substratum  and 
of  the  fluids  of  the  mouth ;  so  much  so  that  the  I'eaction  of  the 
saliva  is  markedly  acid  during  the  entire  process.  The  mucous 
membrane  is  considerably  irritated  in  consequence,  and  chil- 
dren, more  especially,  avoid  and  guard  against  all  contact 
with  it,  refusing  their  food.  In  adults,  the  luxuriant  deve- 
lopment of  aphthae  is  always  a  bad  sign.  In  children,  too,  it 
proves  dangerous,  particularly  when  diarrhoea  supervenes, 
probably  as  a  result  of  the  action  of  the  fungus  on  the  stomach 
and  intestine,  after  it  has  been  swallowed.     As  compared 

*  Orawitz,  *  Virch.  A,'  Ixx,  p.  546 ;  Ixxiii,  p.  147  ;  Bees,  '£rUnger  pfays.- 
med.  Societatsber.,'  Jan.  14,  1878. 
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rith  this  danger,  the  bad  effect  of  the  ftcid  fermentation  on 
the  dtastalic  proceBS  in  the  luoutb  ia  quite  insignificant. 


Prom  the  mouth  the  morsels  of  food^  Batarated  with  saliya, 
ultre  conveyed,  togiether  with  the  liquids,  bj  the  act  of  deghi' 
Hiion  into  the  cesophagus.  As  you  know,  the  tongue,  press- 
ing against  the  bard  palate,  forces  the  food  behind  the  ante- 
rior pillars  of  the  fauces,  where  it  comes  into  contact  with  the 
posterior  surface  of  the  velum  ;  and  as  a  result  the  movements 
proper  of  swallowing  are  unfailingly  initiated.  Meanwhile^ 
the  anterior  pillars  shut  off  the  mouth  from  the  pharynx,  by 
the  contrnctinn  of  the  piihi to-glossal  muscles.  At  the  same 
time  the  levatores  palati  and  palato-pharyngei  draw  the  poste- 
rior palatine  arches  upwards  and  backwards  till  they  touch 
the  back  of  the  pharynx,  and  so  close  the  passage  toward 
the  posterior  nares.  Again,  the  larynx  and  hyoid  bone  being 
drawn  upwards  and  forwai*d8,  the  root  of  the  tongue  comes 
to  lie  over  the  epiglottis,  which  itself  also  closes  the  opening 
of  the  larynx.  Thus,  the  only  direction  free  for  the  passage 
of  the  food  is  toward  the  oesophagus,  into  which,  as  lately 
&hown  by  H.  Kronecker,*  it  is  thrown  by  the  prompt  action 
of  the  musculature  of  the  root  of  the  tongue,  aided  by  (ho 
striped  superior  constrictors  of  the  pharynx,  and  is  then  con- 
veyed directly  into  the  stomach.  The  constituents  of  the  food 
are  not  otherwise  acted  on  in  the  pharynx  ;  or,  at  most,  they 
get  an  additional  covering  of  mucus,  and  are  thus  rendered 
more  slippery. 

Apart  from  this  last  circumstance,  it  is  evident  that  the  per* 
formance  of  their  function  by  the  palate  and  pharynx,  that 
IB,  the  normal  a<:t  of  deglution,  depends  entirely  on  the 
pliysiological  action  of  the  muscles  concerned — -protnded  at 
leant  thai  the  aiiatomiral  structure  of  the  parts  is  not  abnormal, 
I  need  hardly  dwell  on  the  fact  that  any  abnormal  narrow- 
nesfl  of  the  passage  mast  hinder  the  swallowing  of  the  food. 
The  narrowing  may  be  due  to  cicatricial  strictures,  as  the 
result,  for  example,  of  syphilis,  nr  of  poisoning  by  sulphuric 
acid  ;  to  enlargement  of  the  tonsils,  or  to  inflammatory  swol- 

•  JI.  Kronecker  nnd  Fiilk. '  A  f.  Physiolog./  1880,  p.  396;  Kronecker 
tmdMchzer,  ibid.,  1881,  p,4C5;*Borl.  a-luul.  MuoatiW..*  Meeting  of  Janu&ry 
34U1,  1881. 
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linga  or  tumours  of  the  base  of  the  skull,  or  of  the  cerTii 
vertebra)  (so-called  rotropharyugeal  absscesses  and  polypi), 
In  any  case  deglutition  will  then  be  impaired,  ftnd  that,  oi 
course,  in  proportion  to  the  amount  of  obstruction  of  thi 
lumen  of  the  digestive  canal,  which  just  here  is  at  best  no| 
very  considerable.  Ou  the  other  hand,  defects  or  aperture* 
in  the  palatine  arches  such  as  occur  congenit.ttlly,  or  are  due 
to  syphilitic,  and  less  often  to  tubercular,  ulceration,  mu&l 
render  clonure  towards  the  mouth  or  nose  impos.siblo,  so  sooi 
at  least  as  they  reach  a  certain  si^e.  Liquids  and  small  8oli< 
moraels  will  then  pass  back  into  the  mouth,  or  escape  i«t< 
the  nose  during  deglutition.  In  tluH  respect,  defects  of  Lh< 
epiglottis  are  less  serious  ;  for  the  root  of  the  tougae  can 
guard  the  entrance  to  the  larynx,  even   when  the  ft  ^ 

is   completely  destroyed.      It  is  also  clear  that  di  -  i 

must  be  impaired  by  undue  seusibiltty  of  the  partSj  such  as 
results  more  especially  from  acute  angina^      But  it  is  not  bj 
pain  alone  that  iullammatious  of  the  palate  and  throat  iuter^ 
fere  with  swallowing ;  all  the  more  severe  and  deep  inllam- 
mations  of  thin  region,  hamper  rather  the  function  of  tl 
muscles  of  tlie  palate  and  pharynx^  in  consequence  of  thi 
inflammatory  mdema  inseparable  from  them.      A  pai'esis 
the  affected  muscles  occurs,  which  in  its  effects,  is  st>' 
hardly    dintinguishable    from    those    of   complete  f 
True  the  action  of  paralysis  pure  and  simple,  may  be  sti 
better  obnerved  when  unuumplicated  by  infiammation.      Thi 
i.s   far  from  rare.      I  may   remind  you^  for  example,   of 
paralysis  of  the  jtalale-musclGjf  ronseq'uml  on  dipkiheriaj  am 
more  important  still,  of  progn'st/ive  hulhar  parol 
so  often  mentioned,  in  the  clinical  picture  of  w  r         , 
the  muscles  engaged  in  deglutition  foroas  an  iategral  pal 
How  •-■-      '      ^vallowi^g  will  be  i   '     ^      A  with  in  cousoquenc 
of  sni  '    _         _.  >e8,  ft  moment's  C'  non  will  show.      Evej 

the  first  act  in  deglutition,  the  pushing  of  the  bolus  of  foot 
behind  the  nntvriov  arch  of  the  fauces,  must  be  vct > 
fetaly  piirforniod  wht>u  the  tongue  is  not  capable  of  f,m 
powerful  movements,  Fragnientn  will  remain  in  the  diffei 
e  I  ''  r.  of  the  mouth,  botw«n;u  tho  teeth  and  lips  ;   or  thi 

]i  ivy  have  to  make  use  of  his  hands  to  push  the  piei 

far  back  into  the  mouth.     If  the  paluta  muscles  are  ah 
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paralysed,  the  active  closure  towards  the  buccal  and  nasal 
CAvitics  canuot  be  effected.  Fluids,  more  especially,  will 
theu  escape  into  the  nose,  and  when  large  draughts  are  taken, 
may  also  flow  back  through  the  mouth.  If  at  the  same  time 
iho  constrictors  of  the  pharynx  remain  unaffected,  it  may 
orea  happen  that  food  and  drink  will  be  ejected  with  spas- 
modic violence  from  month  and  nose.*^  But  if  these  muBcles 
also  are  paretic,  or,  still  more,  pariilytic,  the  greatest  incon- 
vsnieiice,  indeed  danger  is  tbo  result.  For  the  morbels,  hav- 
ing arrived  in  the  pharynx,  can  get  no  &rther,  and  become 
iirre.ited  in  a  dangerous  rej^ion,  close  above  the  entrance  to 
tbe  larynx ;  so  thnt  whenever  the  patient  takes  food,  he  is 
alarmed  by  threatening  suffocation,  or  at  least  runs  the  risk 
that  pai^icles  may  be  drawn  into  the  larynx  during  inspira- 
tion. The  condition  of  such  a  patient  is  an  extremely  sad 
one,  and  in  the  end  life  can  only  be  prolonged  by  feeding 
artificially  by  means  of  the  cuaophageal  tube. 


While  in  the  cesophagua,  the  food  undergoes  no  further 
lemical  change  ;  the  liquids,  and  the  morsels,  rendered 
lippery  and  properly  softened,  are  simply  conveyed  by  the 
tnnscnlar  contractions  to  the  stomach.  To  admit  of  this  (i) 
tbe  passage  must  be  free  ;  (2)  the  muscles  eng'aged  in  for- 
warding' the  food  must  perform  their  functions  normally  ; 
&ad  (3]  the  wall  of  the  (Bsophagus  must  be  closed  in  the 
iiAtura]  way,  for  only  then  is  it  certain  that  the  food  will 
j«aUy  be  directed  into  the  stomach.  Accordingly,  the  patho- 
logical events  occurring  in  the  oasophagus  c^n  be  readily 
deeenniued. 

Tbe  raost  common,  and  hence  most  important,  disturbance 
of  function,  to  which  the  GQSophngus  is  liable,  results  from 
-libiUruciion  of  the  pasna/je  by  stenosis  of  its  lumen.  Tbe 
sUMM>ais  may  be  due  to  very  different  conditions.  Very  often 
it  IB  cansod  by  tumoura,  which  compress  the  (esophagus /rom 
'-- '  '  such  as  goitre«,aueurysme,media8tiDal  new-growths, 

r.  ,  -■  glands,  as  well  as  capacious  lateral  divrrtivnla  of 
the  gullet  itself.  The  pressure  may  be  confined  to  a  limited 
Area,  or  «'  '  •  'd  over  a  grt^t  part  of  the  tube.  In  a  num- 
iierof  olit  -,  the  lumen  id  encroached  upon  by  neic/orm- 

•  KutfinaaU  Volkoiann'sohe  Vortimgc,  No.  54,  1873. 
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atums  which  occupy  ths  oesophageal  wall,  having  either  ori- 
ginated there  or  involved  it  secondarily.  Among  these  may 
be  mentioned  fibromasand  myomas,  adenomatous  polypi,  and 
— ^most  common  of  all — cancer  of  the  oesophagns.  The  «/ric- 
turea  proper  next  claim  attention.  These  are  of  two  kinds : 
the  genuine,  more  important  variety,  well  termed  organic,  as, 
for  example,  the  cicatricial  contractions  due  to  corrosion  by 
sulphuric  or  hydrochloric  acid  or  by  caustic  potash  ;  and  the 
spasmodic  or  spastic,  which  is  caused  by  unnaturally  vigor- 
ous annular  contractions  of  the  musculature — so-called  dys^ 
phagia  spastica.  This  form  occurs  most  frequently  in  hys- 
terical personSj  but  is  not  exactly  rare  as  a  paroxysmal  affec- 
tion in  others.  Inflammation  of  the  gullet  must  also,  in  a 
sense^  be  regarded  as  an  impediment  to  the  passage  of  food, 
inasmuch  as  the  patient  dreads  taking  nourishment  on  ac- 
count of  the  pain  produced  by  contact  with  theorgan.  It  would, 
indeed,  play  a  much  more  important  role  here,  were  it  not 
that  inflammation  of  the  oesophagus  is  uncommon,  and,  more 
especially,  that  the  sensibility  of  the  mucous  membrane  is 
slight.  Hence  this  factor  is  completely  overshadowed  by  the 
preceding  ones,  all  of  which  may  give  rise  to  an  extreme  re- 
duction of  the  lumen  of  the  gullet. 

The  degree  of  functional  disturbance  caused  by  narrowing 
of  the  oesophagns  will  of  course  depend  on  the  severity  of 
the  stenosis.  When  this  is  moderate,  the  passage  of  large 
pieces  only  is  impeded  ;  when  very  extreme,  even  liquids  are 
liable  to  be  arrested.  The  patient  experiences  the  disagree- 
abh)  sensation  of  the  food  sticking  fast  on  its  journey  ;  and 
no  matter  what  the  actual  situation  of  the  impediment  may 
be,  it  is,  as  a  rule,  referred  to  the  region  lying  behind  the 
manubrium  sterni.  Then  he  attempts  to  aid  the  passage  by 
drinking  and  by  swallowing  other  pieces ;  and,  as  a  matter 
of  fact,  in  less  severe  cases  such  means  are  usually  success- 
ful in  conveying  the  bolus  of  food  past  the  narrow  spot.  In 
more  severe  ones,  on  the  other  hand,  not  only  are  these  efforts 
useless,  but  they  very  often  lead  to  a  most  unwished-for  re- 
sult— the  regurgitation  of  the  food  into  the  mouth.  This  is 
not  the  effect  of  any  supposititious  antiperistaltic  movements ; 
it  is  rather  due  to  the  energetic  contractions  of  the  muscula- 
ture of  the  oesophagns,  which  are  excited  by  the  voluntary 
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efforts  at  swallowing.  As  a  reHultj  the  tnoreelB  of  food,  being 
onaMe  to  pass  downwards,  make  their  escape  in  an  npward 
(liroction  ;  they  are  returned  to  the  mouth,  mixed  and  covered 
with  aa  abondance  of  mucus,  but  otherwise  unaltered.  When, 
as  is  genorallj  the  oase^  a  certain  interval  elapsos  between  the 
BWnllowing  of  the  food  and  its  regurgitation,  this  depends  on 
a  gradual  dilatation  of  the  oesophagus,  brought  about  by  the 
constant  accumulution  of  food  above  the  constriction.  The 
dilatation  is  Bometimee  very  considerable,  and  with  it  there  is 
nKually  found  a  hypertrophy  of  the  muscular  constituents  of 
the  wall.  In  consequence  of  the«e  conditions,  so  little  of  the 
notjri-shmi'Ut  taken  arrives  in  the  stomach  towards  the  termi- 
nation  of  severe  cases  of  stenosis — in  manj  annular  cancroids, 
for  instance — that  all  possibility  of  feeding  ;>cro«  is  at  an  end, 
and  the  patient  literally  starves.  For  the  same  reason,  con- 
gmiial  atreaia  of  the  oosophngua  is  eo  ipso  incompatible  with 
any  length  of  life. 

Functional  iiKapaHtif  of  the  miiscitlature  of  the  cenophnguB, 
while  also  very  fatiil,  is  fortunately  much   rarer.      We  now 
know  indeed  from   Kronocker's  exptrimeute   that  the  peri- 
staltic movements  of  thetie  mUKclea  play  a  much  less  import- 
ant ro/«  in  the  ordinary  act  of  deglutition  than  was  formerly 
sopposed.     The  swallowed  morsels  enter  the  stomach  con- 
fiiderably  before  the  proper  peristaltic  contractions  of  the  wall 
of  t-hu  gullet   could  possibly  have  any  effect    upon    them. 
Htill,  in  certain  circnmstancesi  if,  say,  the  striped  muscles  in 
the  region  of  the  pharynx  act  too  feebly  or  irregularly,  the 
peristaltic  action  of  the  smooth  muscles  lower  down  may  come 
into  play,  and   so  make  it  possible   for  the  food   to  be  ad- 
ministered per  nM,  even  in  complete  paralysis  of   the  striped 
inusclos.      Again,  it  is  obvious  that  the  wall   of   the   gollot 
(ito  ronacnlntnre)  must  so  behave  during  deglutition  that  no 
rwiatanco  worth  mentioning  shall  oppose  the  passage  of  the 
food  to  the  stomach.     The  canal  must  be  open  to  tho  fall  ; 
and  this  object  is  secured  by  nervous  connections,  partly  of 
the  nature  of  rather  complicated  reflex  mechanisms.      It  has 
long  been  known  that  the  transport  of  the  swallowed  food- 
palp  is  greatly  interfered  with  by  destroying  the  innervation 
of  the  ODSOphagus.     When  a  rabbit  dies  from  the  effects  of 
Ibo  division  of  both  vagi  in  the  neck  twentj'-four  hours  after 
Toi..  ta.  HHU 
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the  operation,  the  gullet  is  found  dilated  and  plugged  with 
the  food-pulp  so  characteristic  in  these  animals.  This  does 
not,  however,  come  from  the  stomach ;  for  if  no  food  be 
given  to  the  animal  after  division  of  the  nerves,  the  ceso- 
phagus  is  empty,  though  the  stomach  is,  as  usual,  distended ; 
and  if,  when  dividing  the  vagi,  you  at  the  same  time  tie  the 
oesophagus,  the  part  below  the  ligature  will  afterwards  be 
found  free  from  food.  As  Bernard  noticed,  the  accumulation 
depends  rather  on  a  tonic  contraction  of  the  lower  part  of  the 
gullet,  owing  to  which  the  food,  instecMl  of  passing  on  into 
the  stomach,  becomes  arrested.  The  condition  of  the  cardiao 
end  is  of  very  special  importance  in  the  entire  process.  The 
ordinary,  in  a  measure  tonic,  contraction  of  its  musculature 
at  once  relaxes  when  swallowing  commences,  giving  place 
to  a  dilatation,  upon  which  there  follows  some  seconds  after- 
wards a  new  vigorous  contraction.*  It  may  therefore  be 
assumed  that  disturbances  of  innervation  of  the  cardia  can 
essentially  impede  deglutition.  A  complete  explanation  of 
the  relationship  is,  it  is  true,  impossible  ;  still  we  may  fairly 
have  recourse  to  such  a  view,  in  those  cases  which,  though 
rare,  have  the  closest  resemblance  to  one  another,  and  are 
characterised  by  the  following  features.  There  is  an  inability 
to  completely  swallow  the  food,  and  incessant  vomiting,  in 
reality,  regurgitation,  is  complained  of;  yet  the  sound 
meets  with  little  or  no  resistance  on  its  passage  into  the 
stomach,  while  after  death  a  more  or  less  considerabl^,  some- 
times enormous,  fusiform  dilatation  of  the  oesophagus  is 
found,  but  no  observable  abnormal  narrowness  of  the  lower 
end  of  this  canal,  t 

The  third  factor  by  which  the  physiological  course  of 
events  in  the  oesophagus  may  be  disturbed  is  interruption  of 
the  continuity  of  the  vjalL  This  will  most  often  be  caused 
by  a  perforation  or  a  rupture,  which  may  occur  in  an  oeso- 
phagus previously  sound,  or  in  one  where  some  morbid  pro- 
cess or  other  has  already  prepared  the  way.     Of  the  perfo- 

*  H.  Kronecker  and  Falk»  *  A.  f.  Pbysiolog.,  x88o>  p.  296;  Kronecker 
and  Meltzer,  ibid,  i88j,  p.  465 ;  '  Berl.  Akad.  Monataber/  Meeting  of 
Jannaiy  34tb.  1881. 

t  Cf.  Zenker,  Ziematen's  '  Uaadb./  tU.  i  ;  Sappl.,  p.  47 ;  StrompeU, '  D. 
A  f.  klin.  Med./  xxix,p.  an. 
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nitionB  tuTolving  the  healthy  gullet,  hy  far  the  moat  ioterest- 
iog  is  BO-oal1ed  spontaneous  rupture^  which,  though  extremely 
rare,  ia  apparently  a  well-authenticated  occurrence.  Id  the 
0AA03  which  have  been  accurately  described,  the  catastrophe 
occurred  during  or  immediately  after  a  full  meal,  and  was 
uitually  ushered  in  by  vomiting,  or  at  least  by  violent  retch- 
ing. An  agonising  pain  was  then  felt  above  the  region  of 
the  stomach,  and  was  immediately  followed  by  profound 
collapse.  Death  took  place  during  the  next  twenty-four 
hoara,  tbe  patients  Buffering  from  asphyxia  of  gradually 
iocroasing  soverity,  while  at  the  same  time  subcutaneous 
emphysema  made  its  ajipearanoe  over  more  or  less  extensive 
arcfM  i»f  the  body.  After  the  paroxysm  of  pain,  vomiting 
neither  took  place  spontaneously  nor  could  it  be  artificially 
pro<luced.  At  the  autopsyj  a  large  rent  through  the  whole 
thickness  of  the  ursophagus  was  always  found.  Its  direction 
WAS  usually  vertical,  mure  rarely  annular,  so  as  to  completely 
divide  the  gullet  transversely.  The  uiediaHtiuum,  and  some- 
times the  pleural  cavities  also,  contained  a  large  quantity  of 
liquid,  more  especijilly  any  driuka  taken  after  the  catastrophe, 
together  with  an  abundance  of  materials  from  the  stomach. 
No  morbid  changes  whatever  could  be  discovered  in  the  tis- 
snes  bordering  on  the  rent.  These  spontaneous  ruptures  of  the 
Obtopbngus  are  referred  by  Zenker*  to  an  CBSophatfO'tnalacia 
which  develops  rapidly  during  life.  He  supposes  that  a 
<{nftntity  of  active  gastric  juice  is  regurgitated  into  the  gullet 
dnriug  the  Brst  efforts  at  vomiting,  and  that  as  a  result  of 
the  retching,  the  organ  itself  becomes  "  atonic  "  and  perhaps 
aiUBmic  also.  The  gastric  juice,  being  retained  for  a  time 
hi  the  gullet,  causes  rapid  softening  and  thinning  of  the  wall ; 
so  that  on  the  next  movements  of  deglutition  or  of  retching 
a  rupture  occurs.  Whether  this  explanation  of  the  fatal 
cvont  should  bo  acceptod  as  satisfactory,  I  leave  to  your  own 
jodgments  ;  I  cannot  supply  you  with  another.  At  any  rate, 
tbo  occurrence  of  such  ruptures,  as  already  mentioned,  is 
extremely  rare;  and  when  a  honlthy  gullet  is  perforated, 
tbii>  is  caused,  as  a  rule,  by  an  easily  recognisable  trauma, 
such  as  an  incised  or  punctured  wound  of  the  neck,  or  the 
swallowing  of  a  sharp  aud  angular  fragment  of  bone.  la- 
•  Zenker.,  I.  c^  p.  89. 
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comparably  more  frequent  in  pathology  are  those  itit^rmptu 
of  the  gullet-wall  which  ilepeud  upon  long-staudmg  uiorl 
processes.  From  without,  the  oesophagus  may  be  penetrat 
by  deep  alceratiou  crigtuating  in  the  trachea,  by  caseat 
and  softened  bronchial  glandsj  by  anearyfimH,  or  by  cold  a1 
Bcesses  associated  with  spinal  caries.  From  within,  an  ulcf 
due  to  corrosion  by  snlphurio  acid  or  oaastio  potash  may 
rare  cases  cause  perforation  ;  a  result  which  is  proportion^ 
ately  common  when  the  ulceration  is  raucerottit.  The  esi 
blishment  of  a  perforation  of  the  kind  is  ander  all  circi 
sttincea  a  most  dani^eroas  event,  even  when  antecedent  in^ 
flammation  has  set  Qp  adhesions  between  the  gullet  and 
organ  in  its  vicinity.  For  ingesta  can,  and  mast,  esi 
through  the  abnormal  orifice  into  the  space  with  which 
CBBOphagus  now  communicates  ;  and  except  this  be  the  esLt 
rior,  as  in  wounda  of  the  neck,  severe  inflammation,  as  a  rale 
of  a  gangrenous  character,  is  wont  to  be  excited.  In  cam 
of  the  gullet  more  especially,  some  such  complication  neuol 
destroys  life  before  the  stenosis  hafl  become  impermeable  ; 
and,  indeed,  in  many  cancroids  with  a  pronounood  tendei 
to  ulcerate,  the  signs  of  an  abnormal  communication  wit! 
neighbouring  cavity  may  be  the  first  thing  to  direct  attenti 
to  the  presence  of  a  malignant  tumour  in  the  oesophsj 
Rupture  into  the  pleural  nr  pericardial  cavity  in  followed 
a  vLotent,  often  putrid,  plean'tia  or  pericarditis  ;  penetral 
of  the  lung,  aft.er  previous  adhesion,  leads  to  gangrene 
this  organ  ;  and  perforation  of  one  of  the  larger  blood-vec 
is  geticrally  attended  by  a  rapidly  fatal  hsBmorrbage. 
commonly,  however,  the  abnormal  communication  is  fori 
with  the  trachea  or  the  right  bronchus,  whereupon  a 
grenons  broncho-pneumonia  sets  in,  ae  a  rale  in  a  short  time, 
and  proves  fatal  to  the  patient. 

While,  then,  in  intormption  of  the  gullot-wall  as  the  rei 
of  perforation,  the  digestive  disturbance  proper  sinks  into 
significance  in  comparison  -with  the  other  conscqnonoes  to 
organism,  this  is  not  so  in  another  variety  of  imperfect  cloi 
of  th«  oesophagus, — thai  pr(>dnced  by  so-called  divHrticuIn, 
Two  varieties  may  bo   suitably  distinguished.  a=  - 
by    Zeuker,**" — tractiaii-iiiverticuUt   mid   jtuUitm-- 
'  ILiJ.,  p.  50.  el  »eq. 
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The  former  nre  siziall,  funnel-shaped  protruBions  of  the  gallot, 
aod  are  difttin^isberl  bj  ihe  circumstancd  that  their  pointed 
extr^iiiiti&s  are  either  involved  in,  or  adherent  to,  a  cicatrix. 
In  the  great  majority  of  ca8e«,  a  Bhruokeu  bronchial  gland 
foruiA  the  point  of  attachment  for  the  summit  of  the  funnel ; 
and  since  iuduDimation  of  such  a  gland  and  of  the  tissues 
sarrtmudiug  it  most  ccmniouly  gives  rise  to  the  diverticula^ 
tbe  latter  aro  xnoatly  found  at  the  level  of  the  bifurcation, 
ivherv  the  glands  are  most  abundant.  These  traciwv-dxvtr* 
Ucula  are  far  from  uncommon  ;  still,  owing  to  their  small  sise, 
they  are  of  little  importance,  and  the  worst  that  can  be  said 
of  them  is  that  tbey  may  occasionally  prove  fatal,  owing  to 
the  arrest  in  them  of  a  Sah-bone  or  other  pointed  object,  which 
may  cause  perforation.  The  pulsion-diterticulaj  though  in- 
comparably less  common,  are  therefore  much  more  interest- 
iog.  These  are  ronndish  or  saccular  protrusions,  passing 
backward  towards  the  spine  or  more  lateral  in  direction,  and 
iorariably  situated  high  up  in  the  cesophagus,  ai  the  bound- 
ary of  the  pharynx.  Their  aetiology  is  less  clear  than  is  that 
of  the  traction-diverticula.  When  all  the  coats  contribute  to 
form  the  wall,  the  diverticnla  may  perhaps  be  looked  on  as 
congenital ;  usually,  however,  the  muscular  coat  is  absent  or 
imperfectly  developed,  and  for  these  cases  Zenker's  view 
has  much  that  is  plausible.  He  conceives  the  earliest  impulse 
to  protrusion  to  conttist  in  the  impaction  in  the  gullet  of  por- 
mn  of  solid  food  or  of  foreign  bodies  such  as  bone,  or  pos- 
ly  in  the  aoulding  uf  a  circumscribed  area  by  a  hoi  morsel 
— tn  short,  in  any  kind  of  trauma.  This  applies  only  to  the 
earliest  stage  of  its  formation  ;  for  the  originally  nmall  divor^ 
ticulum  becomes  gradually  wider  and  deeper  through  dis- 
tension by  the  food  which  enters  it.  It  is  this  tbat  gives  it 
ita  importance  and  danger.  Pieces  passing  through  the  gullet 
may  miss  the  proper  path,  and  enter  the  diverticulum  through 
the  abnormal  lateral  opening.  These  pieces  may  indeed  be 
dislodged  by  contraction  of  the  wall,  but  the  expulsion  is 
alow  and  irregular,  so  that  fresh  masses  of  food  easily  gain 
admission,  aud  the  sac  may  in  consecjueuce  become  as  large 
a«  the  closed  hand  or  even  as  a  child*s  head.  It  must  then 
press  upon  the  ossophagus  and  obstruct  the  entrance  to  it; 
when  the   asual  consequeucee  of  stenosis  will  make  their 
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appearance,  and  tbe  food  regurgitatea*  But  if  in  ordinary 
stenosis,  with  secondary  dilatation  above  tlie  obstruction^  tbe 
taking  of  food  is  not  always  quickly  followed  by  regurgitation^ 
a  still  longer  period  is  likely  to  elapse  before  tbe  masses  are 
expelled  from  the  diverticulum.  They  are  then  not  uncom- 
monly already  putrid,  are  mixed  with  an  abundance  of  mucus, 
but  always  retain  their  alkaline  reaction.  In  this  manner, 
these  apparently  unimportant  and  at  first  insignificant  struc- 
tures may  become  so  serious  as  to  threaten  life  itself.* 

*  On  the  subject  of  this  chapter,  and  also  of  the  whole  section,  cf.  the 
welUknown  t«xt-hooks  of  special  pathology  by  Niemeyer,  Canstatt,  Wnn- 
derlich.  Lebert,  Bamberger,  and  the  sections  dealing  with  digestion  in 
Ziemssen's '  Handbuch/  &c 
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C<mdil%on«  on  •which  phyniohgirfil  gastric  digestion  depends. — - 
Injiuence  of  morbid  processes  on  the  secretion  of  gastric  juice, 
— IHsiurhances  of  the  peristaltic  movements  of  the  stovioch* 
Interference  with  the  OA-iion  of  the  gastric  juice. — Intet" 
ferent^  unth  ahsnrption  from  the  stomach, — Impediments 
to  the  passage  of  the  gastric  contents  into  the  duodenum, 
^-—Frt^qiient  combination  of  these  functio7ial  derangements, 

Gonstujuences  to  gastric  digestion. — Dyspepsia. — Alrnor- 
nal  fermifntations  in  the  stomach. — Insuffiriency  of  the 
stomach. — Gastreetasis. — Consequences  to  nutrition  gener- 
ally. 

Vomiting. — Its  experimental  production. — Analysis  of 
experiment, —  Vomiting  centre, — Causes  capable  of  exciiing 
vomiting. —  Vomiting  in  disease  of  the  stomach, —  Vomited 
matters. — Im.portance  and  results  of  vomiting. 

Solutions  of  continuity  of  the  stomach. 

Self -digestion  of  the  sio^nach. —  Ulcus  simplex. — Theories 
ccnc4iming  it, — E>rperiment. — Conclusions  therefrom. 

As  regards  the  pathology  of  gastric  digestion,  to  which 
we  now  turn  our  attention,  yon  will  not  expect  that  it  can  be 
dealt  with  so  briefly  as  was  that  of  the  mouth,  Slc.  Tho  much 
longer  period  spent  by  the  food  in  the  stomach  is  alone  suffi- 
cient to  expose  gustric  digestion  to  the  attacks  of  various 
pathological  processes  ;  while  the  profound  changes  there 
undergone  by  the  food  make  it  probable  a  priori  that  every 
difltnrbance  of  the  normal  conrse  of  events  must  be  of  con- 
siderable importance  to  digestion  as  a  whole.  These  events 
may  be  brii-fly  stated  to  consist  in  the  kneading  of  the  mass 
of  food,  received  from  the  oesophagus,  by  the  movements  of 
tho  stomachj  and  ita  intimate  mixture  with  the  secretions  of 


i^fi 


THIS   STOMACH, 


the  orgaUj  especially  with  the  gastnc  juice  ;  the  whole  of  the 
food-pulp  thus  acquiring  an  acid  roaction.  At  the  same 
time  some  soluble,  but  as  yet  uudissolved,  substances  undergo 
Bolution^  e.  g.  Balt.8  ;  and  the  saliva  swallowed  witli  the  food 
continues  its  saccharifying  actiou  on  tlie  amylaceous  matters, 
^o  long  at  least  as  the  reaction  has  not  become  too  intensely 
acid.  Most  important  of  all,  the  undisbolved  and  insulable 
albuminous  bodies  are  converted  into  readily  soluble  and  dif- 
fusible peptones.  A  portion  of  the  materials  thus  rendered 
diffusible  will  then  be  absorbed  from  the  stomach  itself.  The 
remainder,  together  with  the  food  not  yet  altered  by  the 
digestive  juices,  is  passed^  a  quantity  at  a  time,  through  the 
pylorus  into  the  duodenum,  by  sudden  evacuations  occurring 
at  iutervaU.  The  first  of  these  may  very  soon  follow  the 
entrance  of  food  mto  tJie  stomach,  while  the  last  and  more 
copious  ones  do  not  take  place  till  four  or  five  hours  after  the 
meal,  or  even  later.  That  these  events,  which  together  con- 
stitute gastric  digestion,  may  occur  regularly,  it  is  obviously 
necessary  that  a  Uf>rmal  quantity  of  noiinally  constituted 
gastric  juice  should  be  produced,  and  that  it  should  be  free 
to  act  thoroughly  on  the  ingcsta.  There  must,  moreover,  bo 
no  kind  of  impediment  to  absorption  or  to  the  conveyance  of 
the  food-masses  into  the  duodenum.  These  are  the  conditions 
on  which  gastric  digestion  depends,  and  will  be  our  guides  in 
the  study  of  its  pathology. 

Since  the  </cw/riV  juirti  was  first  recognised,  ita  production 
by  the  glands  of  the  mucous  membrane  has  always  been  ad- 
mitted, and  there  could  never  be  any  doubt  that  processes 
leading  to  the  destruction  of  large  areas  of  the  mucous  mem- 
brane must  have  the  effect  of  reducing  the  production  of 
gastric  juice.  Similarly,  the  enfeebled  digestion  of  the  aged 
ha«  been  fairly  attributed  in  part  to  senile  atrophy  of  the  gM- 
trio  glands.  Meanwhile,  our  knowledge  of  the  ftiner  struo* 
ture  of  these  glands^  and  of  the  events  taking  place  in  them 
during  secretion,  has  so  gained  in  breadth  and  precision — 
mainly  through  the  researches  of  Heideubuin  and  his  pupils^ 
0 — that  in  jadging  of  their  morbid  couditione  we  now  feel  jus- 

*  ]f<ri<lon1iain.  *  A.  f.  mikrofV.  Aoat.,'  ri,  p.  368,  vii.  p.  339 ;  *  Pim^.  A..* 
xvlit.  ]>.  169,  xiz,  p.  148,  in  Hflrmum's  '  lUndh.  d.  Phviiiol.,  t,  i,  p.  91,  «< 
09q. ;  EUtetQ,  '  Arch,  t  tuiknj«k.  Anai.,'  vi«  p  515 ;  Brtuiiier  und  Kbateia* 
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tified,  or  rather  compelled,  to  adopt  tnore  modern  standards. 
We  can  no  longer  be  content  with  a  general  statemont  that 
the  mucous  membrane  is  dull  grey  and  the  cells  granular  and 
cloudyi  but  demand  spociBe  details  with  regard  to  the  condi- 
tion of  the  chief  and  of  the  parietal  cells,  and  require  more 
expocially  that  in  estimating  the  appearances^  duu  allowance 
fthall  be  made  for  the  different  periods  of  digestion.  One 
effect  of  this  is  to  curtail  very  seriously  tho  facU  accumulated 
with  reference  to  the  pnthological  anatomy  and  histology  of 
the  gastric  glands.  When,  0.  ^.  in  a  gastritis,  caused  by 
alcohol,  phosphorus,  or  other  agentj  the  chief  cells  present  a 
granular  and  shrunken  appearance,  we  cannot  now  see  iu  this 
Anything  but  tho  evidence  of  a  coHtinttou*  formation  and  BBcre- 
tit/n  of  tviall  quantitien  of  pepain,  n-itlumt  auypauttes  for  acru- 
vtuhtum.*  For  this,  however,  the  inflammatory  disturbance 
of  the  circulation  in  the  mucous  membrane  must  be  held  to 
at  leaKl  as  responsible  as  is  the  action  exerted  by  the  iu- 
iniatory  irrittint  on  the  gland-cells.  At  any  rate,  the  iu- 
flueuco  of  other  changes  in  the  constitution  and  flow  of  the 
blood  upon  the  gustric  secretion  has  been  determined  with 
exactness.  Ucre  I  place,  first,  the  passage  into  the  gantric 
jliic0  of  substances  dissolved  in  and  circulating  with  the  bloodj 
such  M  compounds  of  chlorine  and  iodine,  urea,  sugar,  fcrro- 
oy&zude  of  potassium,  &c.,  some  of  which,  like  sodium  chlo- 
ride, decidedly  promote  the  secretion  of  pepsin  ;t  here,  fur- 
ther, the  fact  thht  animals  in  which  a  hydraemic  plethora  has 
been  artifieiitUy  established  produce  largo  quantities  of  watery 
trie  juice  ;  and,  more  important  still,  the  fact  demonstrated 
ManasBein4  ^hat  in  dogs  rendered  acutely  anscmic  by  re- 
peated blood-leiting,  the  acid  of  the  gastric  juice  is  abnor- 
mally reduced  aud  disproportioned  to  its  pepsin-contents. 
That  arterial  congestion  should  prejudice  the  secretion  of  the 

•  Pflng.  Arch.,*  iii,  p.  565 ;  Kbslein  mid  Griititner,  ibicl.,  vi,  p.  i,  viii,  p.  i3a  ; 
Orntxiior, '  Neue  Unterauchun^n  iibor  die  Bitdnng  und  AusKbGidung  de« 
P^pctn/  1875.  Of.  also,  Rotlet,  '  UDlervaobiingeu  aim  doin  Itiitt.  f.  Physiol. 
nnd  Hiatolo^cin  Graz.,'  i8;i,  Hft.  1,  p.  143;  v.  Wittjcb,  '  PflUg.  Arch./ 
T,  p.  435,  vli,  p.  |8  ;  Priedinger.  *  Wien,  nkjwl.  SitzuDgebor,  Abtli.,'  iii, 
Bd.  7i.p.  249.  1875. 

•    '  ■  Virch.  A.,'  It.  p.  461) ;  Griitzner.  *  Xcue  Untersucbungcn/  p.  79. 

1  ,  I.  0.,  p.  85 ;  Bi-ann,  in  *  EvUiut-d'tf  Ik'itriige/  vii,  p.  37. 

:  MaaMiieiii»  *  Vinib.  A.,'  Iv.  p.  413. 
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succus  gastricas  is  not,  of  course,  to  be  expected^  inasinacli 
as  the  pbysiological  process  is  itself  associated  with  sach  cod- 
geatton.  The  actiou  of  mechanical  byperaamia  on  the  secre- 
tion has  not  yet  been  investigated.  As  regards  injf^m- 
matory  disturbance  of  the  circulatioa,  the  facts  just  quoted 
make  it  probable  that  it  must  injuriously  ioflucnca  the  secre- 
tion of  gastric  juice,  and  with  this  conclusion  experiment  and 
experience  are  completely  in  accord.  Beanmont  had  already 
determined  on  his  huntsman,  that  every  inflammatory  irrita- 
tion of  the  stomach  is  attended  by  a  considerable  reduction 
in  the  quantity,  and  lessening  of  energy,  of  the  gastric  juice, 
Since  then,  the  opportunities  presented  by  individuals  with 
gastric  fistulsD  for  carrying  out  exact  observations  under  dif- 
ferent conditions  have  all  served  to  con6rm  tlio  pernicious  in- 
Buenco  of  gastritis  on  the  quantity  aud  quality  of  the  jaice 
secreted.  One  point — the  trifling  amount  of  the  secretion — 
is  equally  dwelt  on  by  all  observers  ;  aud  although  the  state- 
ments of  writers  are  not  quite  reconcilable  with  regard  to  tho 
pepsin-  and  acid-contents  of  the  juice  produced  by  an  inflamed 
stomach,  the  explanation  of  this  difference  is  probably  U}  be 
found  in  the  modas  of  secretion,  as  determined  by  Griitzner 
on  dogs  suffering  from  artificial  gastritis.  For  he  found  that 
the  stomach  of  the  dog  in  a  condition  of  catarrh  contrasts 
with  the  healthy  organ  iu  that  it  secretes  continuoujsly,  the 
secretion  being  small  in  amount  and  not  being  augment^  by 
the  introduction  of  food  into  the  organ.  This  continuously 
secreted  jnice  is  tenacious  and  cloudy,  and  always  contains  a 
small  quantity  of  pepsin  ;  on  the  other  hand,  iU  rrarlion  i» 
fur  from  alwaytt  being  tirid^  but  is  often  ucutnil  or  even  alka- 
line— peculiarities  which  may  partly  be  attributed  to  tho 
simultaneous  increase  of  mncuf,  depending  on  the  catarrh. 
Yet  it  would  be  vain  to  attempt  to  refer  all  the  alterations 
in  the  secretion  of  an  inflamed  stomach  to  the  abundant  pro- 
duction of  mucus,  as  is  clear  from  the  closely  analogous  con* 
ditioD  in  acute  gastritis  where  thiit  element  is  altogether 
absent.  Another  factor  should  preferably  be  considered,  one 
that  in  mau  at  least  is  a  very  common  accompaniment  of 
somewhat  severe  gastritis,  namely,  pyrexia.  We  know  that 
pyrexia  exerts  a  considerable  influence  on  the  secretion  of 
ga.stric  juice,  and  tends,  as  a  rulo^  to  divunuh  its  acui  con* 
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(entg.  This  result  was  observed  by  Mauasseiu*  on  dogs,  into 
the  blood  or  beneath  the  skin  of  which  he  had  injected  icho- 
rous dtHchargeSi  and  has  repeatedly  been  noticed  in  man. 
Lcube,t  KuBsmanl,^  Ufifelmaun,^  and  others  h&vs  in  fever 
paTieiilH  I'xuriiincd  the  liquid  conleuts  of  the  stomach,  obtained 
soQU'timeH  by  means  of  the  stomach-pnmpy  sometimes  as  the 
result  of  Tomitiug,  or  directly  from  a  gastric  fistula,  and  have 
found  that  pepsin  is  present,  generally  in  normal  quantities, 
but  that  the  acid-cont-enta  are  not  correspondingly  large. 
Tb«  liquid  obtained  from  the  stomach,  which  was  always 
abnormally  scanty,  not  nncommonly  gave  a  neutral  or  even 
alkaline  reaction  ;  and  when,  as  in  Kussmaul'sH  case,  the 
reaction  was  acid,  this  was  Hatisfactorily  proved  to  depend  on 
the  presence  of  lactic  and  other  organic  acids,  free  hydro- 
chloric acid  having  been  altogether  absent.  Still,  I  must  not 
conceal  from  you  the  fact  that  in  some  few  cases  of  fever  the 
amount  of  hydrochloric  acid  in  the  gastric  juice  has  been 
found  to  be  perfectly  normal. 1[ 

The  finer  mechanism,  by  which  the  secretion  of  the  gastric 
glands  reacts  in  the  manner  just  described  to  circulatory  dis- 
turbances and  to  fever,  still  eludes  observation,  and  can 
»earoely  be  cleared  up  while  the  mechanism  of  the  physiolo- 
gical process  continues  obscure.  Still  worse,  apparently,  is  onr 
proi«pect  *)f  obtaining  au  acquaintance  with  the  action  of 
n^rreu^  iujluertces  on  gastric  secretiun  ;  for,  as  you  are  aware, 
a  p<isittve  demonstration  of  secretory  nerves  has  not  as  yet 
been  carried  out  in  the  stomach.  The  gastric  mucous  mem- 
brane, when  perfectly  undisturbed,  does  not  pour  out  a  drop 
of  juice,  while  the  irritation  of  any  part  of  it  at  once  sets  up 
HOcn*tion  ;  but  should  anyone  therefore  infer  that  a  reller 
secretory  mechanism  is  present  in  the  wall  of  the  stomach 
itself,  the  objection  might  fairly  be  raised  that  this  secretion, 
due  to  mechanical  excitation,  is  always  transitory  and  confined 
to  the  area  stimulated,  and  may  consequently  be  referred  to 

•  ManjMcin.  '  Vircb.  A.,'  Iv,  p.  4 1 3. 
t  L^nW.  •  Vt«lkiu»nn*»  Vortragc'  No.  62. 
X  n.  V.  U.  VeMen.  '  Ikrl.  klin.  WochciMcbr.,'  1877,  No.  43, 
§  rffrlmann.  '  I),  A.  f.  klin.  MM.,*  liv,  p.  227,  xr,  p.  535, 
R  T.  tl.  Veltlen,  '  B«.t1.  klin.  WofThenncbr.,'  '877,  No.  42. 
t'ff^lni»nn.  I.e.;  i^iwiezki,  'Petersb.  med.  Wtxrheiucbr./  1879,^0.  19; 
EUiogf  r,  *  D.  A.  r.  kUa.  Med./  uix,  p.  555. 
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direct  stimalation  of  the  glands.  Moreorer,  tbeobsarvationft 
of  Heidenhain*  on  the  secretion  in  a  portion  of  the  fundus 
of  tk  dog's  stomach  artificiully  isolated  from  tlie  remainder  of 
the  organ  tell  rather  againwi  than  for  the  activity  of  r&- 
flexly  excited  secretory  nerves.  For,  though  accretion  took 
place  m  the  isolated  sac  after  the  introduction  of  food  peroM, 
it  was  not  till  fifteen  to  thirty  minutes  had  elapsed,  and  the 
amount  was  never  considerable  except  when  the  iugesta  were 
so  easily  digefitible  that  absoqjtion  undoubtedly  occurred. 
£vcn  if  the  various  statementa  of  physiology  and  pathologjj 
according  to  which  the  secretion  of  gastric  juice  is  disturbed 
as  the  rosult  of  nervous  excit^'mcnt  or  shocks  were  more 
securely  established  than  is  de  facto  the  case,  it  would  stiU 
bo  debatable  whether  the  movements  of  the  stomach  are  not 
first  influenced,  and  the  process  of  Kecretiun  only  secondarily 
adected.  Accordingly,  it  is  also  impossible  to  sny  positively 
whether  a  purvly  nervotijt  interference  itith  ike  sectctwn  of 
gastric  juice  really  occurs  ;  on  the  other  hand,  it  can  be  con- 
fidently asserted  that  less  juice  will  be  poured  out,  the  more 
feeble  is  the  excitation  of  the  mucous  membrane  by  contact 
with  its  natural  stimulants,  the  iugesta.  That  the  nature  of 
the  food,  more  especially  its  easily  digestible  character  or 
the  reverse,  is  of  consequence  for  the  secretion  ha*?  just  been 
indicated  ;  and  the  consideration  uf  auuther  factor,  tfie  ^m* 
sialtic  movem^nU  of  th«  stomach,  is  no  less  important  in 
pathology.  Is  it  not  these  very  movements  which,  in  a  normal 
condiliuu,are  of  chief  service  in  promoting  the  continuous  and 
abundant  separation  of  gastric  juice  during  digestion,  by  re- 
pofkti-dly  bringing  the  different  portions  of  the  mucous  mem- 
brane into  intimate  contact  with  the  food?  Hence  everything 
which  interferes  with  the  regularity  and  vigour  of  the  peri- 
staltic movt-monts  mnst  prove  a  serious  im|iediment  to  the 
energetic  secretion  of  gastric  juice. 

A  more  minute  discussion  of  the  causes  which  intorfero  with 
the  periMaliic  viovevieuttt  of  the  Uoviojch  is  ihe  more  incum* 
bent  on  us,  as  their  impairment  is  attended  by  nnothor  and  nu 
less  important  influence  on  ^utric  digestion.  We  have  already 
stated  that  one  of  the  conditions  of  normal  digestion  is,  Uiat 
it  shall  be  possible  for  the  gaalric  juice  to  act  thoroughly  oa 
*  ileidrnhatu,  *  PflU^.  Aivh  ,'  xix,  \\.  I48. 
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the  ingestft  ;  and  yon  kuow  fchnt  thie  object  is  essentially 
t«ffoct<**l  by  the  peristaltic  mavenaentB,  by  which  tho  boluses  of 
food  aro  incessautly  mixed  with  the  juice  poured  oot  by  the 
mucous  membrane.  We  are  not,  it  ia  traej  »3  yet  fully  ac- 
quainted with  the  manner  in  which  the  movements  of  the 
fitoniach  proceed  under  ordinary  circumstances;  still  it  is  clear 
that  they  oaunot  take  place  regtilarly  if  portions  of  the  organ 
are  bound  by  firm  adhesions  to  the  wall  of  the  abdomen  or 
to  the  viseem,  e.g.  the  liver,  spleen,  or  pancreas.  Similarly, 
the  presence  of  deep  cicatrices  or  of  cicatricial  stricturen  in 
the  wall  of  the  st^imach,  such  as  are  left  by  an  nlcus  simplex, 
or  remain  nfter  poidoning  with  sulphuric  or  hydrochloric  acid, 
and  Borootimes  convert  the  natural  shape  of  tho  stomach  into 
an  hour ^gUiMf  form ,  must  necessarily  disturb  the  regular  course 
of  the  znovemontB.  The  same  may  be  said  of  tumours  of  the 
wall,  whether  adenomas,  myomas,  or  carcinomas,  provided 
they  have  reached  a  certain  size.  Still,  you  must  not  over- 
eMitnate  the  evil  ioHuence  of  these  local  affections  on  the 
peristaltic  movements.  For  tho  rest  of  the  musculature  can 
readily  accommodate  itself  to  obstacles  which  are  confined  to 
a  limiU^d  area  of  the  gastric  wall,  or  can  compensate  their 
effeota  by  correspondingly  stronger  contractions.  A  really 
aerious  interforence  with  the  peristaltic  movements  will  rather 
be  th©  result  of  pathological  processes  which  invoke  the  mus- 
oalature  in  its  entirety.  In  this  connection  should  be  men- 
tioned a  certain  reduced  irritability.orfeebleneas.of  themuscle, 
or  perh«ps  of  its  motor  ganglion-cells,  which  sometimes  sets 
in  in  the  train  of  Bevoro  p}Texia1  diseases,  a.  g.  typhoid,  but 
ifl  still  ofteoer  associated  with  general  ohronio  anflsmias.  In- 
fliunmatorj  processos  engaging  the  entire  stomach  have,  fur- 
ther, to  be  taken  into  account,  more  especially  the  deeply 
seated  gattiritis  phlegjnonosa,  but  also  the  much  commoner 
inflammation  of  the  vnncosa,  gastric  catarrh.  In  these  oases, 
the  inflammatory  aedenia  of  the  mnscularis,  iuneparable  from 
cvvry  moderately  intense  inflammation,  constitutes  one  source 
of  interference  ivith  the  muscular  fnnctiou,  while  another  causa 
of  muscular  feebleness  is  the  excessive  and  permanent  stretch- 
ing which  accompanies  the  abundant  production  of  gases  in 
the  organ,  more  particularly  under  the  influence  of  chronio 
catarrh.     The  prejudicial  efTects  of  such  distension  on  the 
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fanctional  power  of  the  mnscnlatare  of  this  organ  more  par- 
ticularly, is  taught  by  a  number  of  other  facts.  I  refer  to 
the  feebleness,  which  may  go  on  to  actual  paresis,  occurring 
in  people  who  frequently  overload  the  stomach ;  more  espe- 
cially when  they  make  a  practice  of  hastily  swallowing  large 
quantities  of  food  and  drink ;  for  then  the  working  capacity 
of  the  muscular  coats  almost  invariably  suffers,  in  some  earlier, 
in  others  later.  A  gradaal  paresis  of  the  musculature  of  the 
stomach  will  still  more  certainly  be  developed,  vhen  the 
regular  evacuation  of  the  organ  into  the  duodenum  is  opposed 
by  considerable  obstacles,  such  as  are  presented  by  carci- 
nomas or  by  fibrous  strictures  of  the  pylorus,  as  well  as  by 
marked  narrowing  of  the  lumen  of  the  duodenam  by  cica- 
trices, tumours,  &c.  The  reason  that  such  obstacles  so  com- 
monly lead  in  the  stomach  to  excessive  distension,  and  con- 
sequently to  paresis  of  the  muscle,  is  no  donbt  the  peculiar 
manner  in  which  the  peristaltic  movements  take  place  in  this 
organ.  When  the  arterial  ostium  of  one  of  the  ventricles  is 
narrowed,  or  the  emptying  of  the  bladder  is  interfered  with 
by  a  prostatic  tnmonr  or  a  stricture  of  the  urethra,  the 
musculature  of  the  heart  or  bladder,  far  from  being  paretic 
or  even  enfeebled,  regularly  undergoes  hypertrophy.  Notice, 
however,  the  great  difference  in  the  work  done  by  the  heart 
and  bladder,  on  the  one  hand,  and  by  the  stomach  on  the 
other.  In  the  two  former,  the  entire  muscle  contracts  at 
once,  and  each  individual  fibre  produces  a  fraction  of  the 
movement,  which  is  communicated  to  the  contents  of  the  cavity. 
It  is  not  so  with  the  stomach.  The  contractions  of  its  mus- 
cular coats  are  peristaltic,  and  the  transport  of  the  ingesta 
from  the  stomach  into  the  duodenum  is  in  reality  effected 
solely  by  the  musculature  of  the  portio  pylorica.  The  strong, 
frequent,  and  unusually  prolonged  peristaltic  movements  may 
of  course  cause  an  increase  and  thickening  of  the  muscula- 
ture generally;  but  true  and  well-marked  hypertrophy  is 
usually  found  only  in  the  portio  pylorica,  and  it  is  not  un- 
common for  the  rest  of  the  stomach  to  remain  completely  free 
from  it,  having  been  paralysed  from  the  very  first  in  conse- 
quence of  the  abnormal  distension. 

It  is  obvious  that  gastric  digestion  must  suffer  considerably 
when,  owing  to  deficient  energy  of  the  peristaltic  movements. 
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tho  ingcsta  aro  not  properly  mixed  with  the  gastric  juice ; 
and  there  are  a  number  of  other  factors  which  may  prove 
obstacles  to  the  actiou  of  the  gastric  juice  after  it  has  been 
secreted.  Ton  are  doubtless  aware  that  alcohol,  which  in 
enmll  amounts  is  such  an  efHcieut  exciter  of  the  gastrio  secre- 
tion, very  seriously  impairs  the  peptic  action  of  the  juice, 
wli6D  taken  in  large  quantities  and  Hghly  concentrated. 
Moreover,  the  entrance  of  bile  into  the  stomach  is  certainly 
disadvantageous  to  gastric  digestion,  inasmuch  as  it  interferes 
with  the  swelling  of  albuminous  bodies,  and  may  occasion 
the  precipitation  of  glyoocholic  acid,  mucus  and  peptones,  to- 
gether with  which  the  pepsin  is  mechanically  thrown  down.* 
Indeed  in  those  very  rare  cases  where  an  abnormal  commu- 
nication has  been  formed  between  the  gall-bladder  and  the 
Ktomach,  iu  consequence  of  ulcerative  cholecystitis,  the  result 
may,  in  fact,  bo  fatal  to  gastric  digestion.  Ordinarily,  how- 
ever, the  entrance  of  bile  into  the  stomach  is  a  transitory 
phenomenon,  and  its  effect  is  at  most  a  certain  slowing  of 
digestion.  A  much  more  persistent  disturbance  of  the  peptic 
action  of  the  gastric  juice  must  attend  every  catarrh  of  the 
mucous  membrane.  For  gastritis  always  gives  rise  to  more 
or  leas  abundant  alkaline  transudation,  aud  by  consequence 
to  a  lesaening  of  the  acid  reaction,  in  the  absence  of  which 
peptic  digestion  cannot  take  place.  If  the  catarrh  is  cbronic, 
there  ia  very  often  in  addition  a  very  considerable  production 
of  mucus,  which  is  not  only  alkaliue  in  reaction,  but  quite 
oninflnenced  by  the  gastrio  juice.  By  this  mncus  the  food- 
maases  are  enveloped,  as  though  by  a  protecting  covering, 
and  the  penetration  of  the  gastric  juioe  to  the  food  is  rendered 
difficult  in  consequence. 

Yoa  know,  moreover,  that  peptic  digestion  proceeds  very 
slowly  in  a  liquid  which  contains  a  considerable  amount  of 
dissolved  peptone,  and  that  the  regular  progress  of  digestion 
is  greatly  promoted  by  the  gradual  removal,  during  the  several 
bonn  the  ingesta  remain  in  the  stomach,  of  the  peptones 
ftlremdy  formed.     This  object  is  secured,  in  the  first  place, 

•  Brucke, '  Wien.  ftk&d.  Stt2un{7»ber.,*  l86l,  Bd.  xliii.  p.  610;  Kabne, 
•Pby»«i<>l.  Cliftmie,*  p.  49;  Bnrltart,  '  Pfliig.  A./  i,  p.  ao8,  ii.  p.  18a  ;  U&m. 
iiant«ii.  ibid.,  tii,  p.  53:  ^^'I'i^i  il>id'>  iii*  p*  ^13;  Muly,  iu  Uenuftaa'* 
^llandb./  r.  3,  p.  180,  et  «e<i. 
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hj  the  ahsorpUon  of  the  peptones,  wliicli  normally  be^ns  in 
the  etomaoU  itaelf  ;*  heuce  anything  that  iuterfores  with 
absorption  in  the  stomach  must  also  impair  gastric  digestion. 
As  regards  the  details  of  the  priKess  of  absorptionj  and  the 
forces  co-operating  therein,  we  are  no  better  informed  for  the 
stomach  than  for  the  rest  of  the  alimentary  canal.  Still  a 
recent  research  carried  out  by  Schmidt-Miilheimt  in  Ladwig'a 
laboratory,  has  thrown  light  on  the  importnnt  share  taken 
by  the  blood'tfenaeU  in  the  absorption  of  alhuminoiis  mat^rials» 
In  view  of  this  fact,  there  can  no  longer  be  a  doubt  that  every 
gastritis  mast  bring  about  conditions  nnfavorable  to  absorp- 
tion, owing  to  the  slow  movement  of  the  blood  through  the 
inflamed  mucous  membrane  ;  in  saying  which  we  for  the 
moment  leave  out  of  account  the  coating  of  inucua  on  the 
Burfaco  of  the  organ,  sometimes  very  moderate  in  aroonnt. 
An  indamed  mocous  membrane  continues  to  absorb,  how- 
ever; and  it  is  posKible  that  a  severer  impediment  to  ab- 
sorption may  result  from  somewhat  considerable  mechanical 
hyper{Emia  of  the  organ,  such  as  so  commonly  attends  cirrhoaiB 
of  the  liver  or  insufficiently  compensated  cardiaoleaions,  and 
then  attains  very  marked  proportions.  It  might  bo  expected 
that  the  chyle-vesaels  would  iu  such  circumstances  be  avail- 
able, since  the  flow  through  them  may  be  augmented  in 
mechanical  congestion  of  the  portal  area;t  bat  it  appears 
that  absorption  hy  their  means  is  dependent  upon  the  co- 
operation of  special  forces.  It  is,  at  any  rate,  certain  th»t 
absorption  from  the  stomach  is  greatly  impaired  when  the 
muscular  coat^  arc  functionally  incapable,  paretic,  and  the 
perii^tBUio  movements  feeble  and  confined,  and  we  have  just 
discussed  the  conditions  in  which  this  will  be  the  cata. 
Another  portion  of  the  peptones  will  be  got  rid  of  by  being 
conveyed  from  the  stomach  into  the  daodennm  during  the 
periodic  evacuations  which  commence  rery  shortly  after  food 
is  taken.  In  so  far,  therefore,  as  stenosis  of  the  pyloras 
opposes  considerable  obstacles  to  the  emptying  of  the  stomitohp 
it  must  injure  digestion  in  the  organ,  and  it  is  the  more  liable 

•  Of.  Tap|ieia«r.  'ZetUoh.  f.  BioI«>g.,'  xvi,  p.  4971  Anrept  *  A- 1  PtijvioI<%./ 
1S81,  V-  60-V. 
t  ScKmidt-Muhlh*im.  *  A.  f.  Pbyrtolog.,'  1877.  p.  540. 
X  koconWn^  to  Qn|mblubed  experimexitA  bj  Lsiiaar  in  my  labomtory. 
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to  do  Br>,  since  ander  its  iiifltience  a  paresis  of  the  mascnlatiire 
IB  easily  developed^  wbereapon  absorption  by  the  stomach- 
wall  aUo  Buffer?. 

The  regalar  physiological  termiDAtion  of  gaAtrio  digestion 
is  t'  Jrie  t^mpitjing  of  i)M  eonUnta  nf  the  stoinach  into 

thi  w.     The  portione  of  food  which  have  continued 

onrhanged  in  the  fttc»mach  are  then  handed  over  to  the  notion 
of  the  digestive  secretions  of  the  inteetiue ;  and  the  stomach 
iUelf,  being  now  empty,  can  rest  and  in  a  sense  prepare  itself 
to  meet  the  demandb  of  the  next  meal.  If  we  ask  whether 
prtihological  conditions  exist,  which  hamper  the  passage  of 
of  the  ingesta  into  the  daodeuum,  we  again  meet  with  essen- 
tially the  irame  fumiliar  factors.  That  the  transport  may  be 
effected  promptly,  it  is  above  all  things  necessary  for  the 
door  to  be  open  j  in  other  words,  sienofns  of  the  ptjlt)rutt,  what- 
ever ita  cause,  must  interfere  with  the  removal  of  the  ingesta, 
and  that  in  proportion  to  it.s  severity.  But  since  the  trans- 
port of  the  contents  of  the  stomach  does  not  take  place  spon- 
tanoonsly,  say,  in  obedience  to  gmvity,  but  solely  in  conse- 
quMice  of  the  squeezing  and  pressing  movements  of  the  organ, 
the  permeability  of  the  pylorus  is  not  of  much  value  alone ; 
the  energetic  action  of  the  musculature  of  the  st-omRch  is  also 
necessary.  The  muscular  coat  must  he  ftmriwnally  capahie  ; 
bat  it  must  abo  be  strongly  Htimulated  before  energetic  con- 
tractions can  take  place.  We  have,  yon  perceive,  again  to 
daal  with  paresis  of  the  gastric  musculature,  or  rather  with 
the  group  of  factors  which  impede  the  peri.staltic  movements  : 
and  if,  as  is  now  generally  believed  with  Brucke*,the  stronger 
contractions  at  the  torraiuation  of  digestion  are  excited  by 
th*  greater  acidity  of  the  juice — the  acid  being  continuously. 
Chough  probably  only  relatively^  increased  as  digestion  pro- 
4l  is  obvious  that  the  promptness  and  regularity  of 
mation  must  be  impaired  by  all  the  agents  formerly 
discQssed,  which  lend  either  to  the  formation  of  a  gastric  juice 
or  t^  a  reduction  of  the  acidity  of  the  juice  al- 
!ted. 

It  is  a  general  characteristic  of  the  pathology  of  the  stomach 
that  one  ami  the  same  factor  u  toont  to  disturb  the  digejitiw 

•  Brtck«,  •  Vorlesungen  iibcr  Phyfiiol.,'  i,  \k  31a;  Krctschj,  •  D.  A.  L 
IcUa.  MwL/  sviji  p.  537. 

VOL.  tu,  I" 


856  TUK    STOUAOU. 

process  in  many  different  ways.  Wben  the  mascQlatare  of 
the  organ  is  paretic,  the  normal  quantity  of  gastric  juice  fails 
to  be  secreted,  and  the  secreted  juice  is  not  properly  mixed 
with  the  food ;  moreover,  the  absorption  of  the  dissolved  and 
diluted  ingesta  does  not  take  place  in  a  normal  manner,  while 
the  transport  of  the  contents  of  the  stomach  into  the  dno- 
denum  also  suffers.  Chronic  gastritis  impairs  digestion  by 
interfering  with  the  secretion  of  an  efficient  gastric  jaice,  by 
the  obstacles  it  opposes  to  the  action  of  the  juice  oa  the  in- 
gesta, and  by  the  enfeeblement  of  the  musculature  so  often 
setting  in  in  its  train.  A  carcinoma  of  the  portio  pylorica  en- 
tails a  diminution  of  the  secretion  owing  to  the  loss  of  secre- 
tory substance  ;  if,  as  so  often  happens^  a  pronounced  catarrh 
of  the  stomach  is  developed  under  its  influence,  further  in- 
jurious effects  must  follow  :  while  if  the  tumour  narrows  the 
pylorus,  the  passage  of  the  food  into  the  duodenum  will  be 
impeded,  and  a  secondary  paresis  of  the  muscular  coat  will 
not  be  long  in  appearing.  But  just  because  every  important 
pathological  process,  when  occurring  in  the  stomach,  disturbs 
the  majority  of  the  individual  digestive  acts,  we  are  justified 
in  at  once  undertaking  to  investigate  the  general  questions- 
How  under  such  circumstances  does  digestion  proceed  in  the 
stomach  ? 

The  consequence  of  all  these  factors,  which  have  just  been 
separately  discussed,  is  the  condition  known  as  dyspepsia. 
The  term  "  dyspepsia  "  simply  signifies  difficult  or  imperfect 
gastric  digestion ;  and  that  such  must  be  the  result  of  the 
action  of  these  factors  has  been  emphasised  more  than  once. 
Whether  the  error  consists  in  a  deficiency  or  want  of  acidity 
of  the  juice,  or  in  the  impairment  of  its  peptic  action,  owing 
to  imperfect  mixture  with  the  ingesta,  partial  neutralisation 
of  its  acid,  precipitation  of  its  pepsin,  or  accumulation  of  the 
peptones,  the  inevitable  effect  will  always  be,  that  those  sub* 
stances  which  would  normally  be  the  subjects  of  gastric 
digestion — chiefly  the  albuminous  bodies — are  not  digested 
in  sufficient  quantities.  Note  well  what  importance  attaches 
to  the  circumstance  just  dwelt  on — that  in  the  stomach  the 
different  functional  derangements  have  such  a  g^eat  tendency 
to  become  associated.  For  the  consequence  of  this  is  the 
impossibility  of  a  compensation  of  the  error,  such  as  we 
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1eame<I  was  80  itnportaDt  in  disease  of  the  beari,  and  in 
other  leaions  of  the  circulatory  system.  If  the  only  in- 
jiirtODS  effect  of  a  chronic  gastritis  were  a  deficiency  or  want 
of  acidity  of  the  gastric  juice,  less  flesh  would  of  course  be 
digested  in  the  stomach »  but  this  could  be  easily  compensated 
for  by  the  removal  of  a  correspondingly  increased  amount  into 
the  intestine  and  its  exposure  t^  the  action  of  the  pancreatic 
juice.  Similarly,  there  is  apparently  no  reason  why  the 
prejudicial  results  of  stenosis  of  the  pylorus — so  far  at  least 
u  the  digestion  of  albumen  is  concerned — should  not  be  com- 
peosiited  by  a  proportionately  abundant  absorption  of  pep- 
tones from  the  stomach  itself.  And,  on  the  other  hand, 
what  could  be  simpler  than  the  regulation  of  absorption, 
when  inadequate,  by  the  transport  of  the  digested  ffxid  into 
the  duodenum,  where  it  might  be  taken  up  by  the  lacteala  ? 
But  in  reality  euch  regulation  does  not,  as  a  rule,  take  place. 
T!u8,  I  need  hardly  say,  is  owing  to  the  facts,  that  in  an  in- 
flamed stomach  not  only  is  secretion  impaired^  but  the  peris- 
taltic moveraentA  of  the  mnsculari^  are  enfeebled  ;  that  the 
aame  moscular  feebleness  which  causes  imperfect  absorption 
M  lilao  an  obstacle  to  the  evacuation  of  the  contents  of  the 
■ftomach  into  the  duodenum  ;  and  that,  on  the  other  hand, 
the  mtsscalar  pareciis  developed  as  the  resalt  of  the  stenosis 
makes  energetic  absorption  impossible. 

The  immediate  consoquenco^  theuj  of  the  oft-mentioned 
funclional  derangements  will  be  not  nimply  the  imperfect 
digestion  of  the  food,  but  the  reientwn  of  a  more  or  leas  large 
portion  of  it  in  the  titomach,  in  an  undigested  gi-ate.  While 
the  composition  of  the  ma^s  of  food  will  depend  upon  the  kind 
ftod  composition  of  the  nourishment  taken,  it  usually  consists 
of  the  well-known  mixture  of  albuminous  bodies,  fats  and 
carbo*hydrate9,  with  salt^  and  watery  fluids — of  substances 
which,  with  the  exception  of  the  salts,  are  eminently  capable 
of  patrefartion  and  fertstentntion.  The  non*occurreoce  of 
patrefaction  in  the  stomach,  the  temperature  of  which  ia  so 
faronibte  to  all  sach  proeewM,  is,  yon  are  aware,  aecured 
in  a  norma]  mndiiion  by  the  acid  present  in  the  gastric  juice, 
which  gives  the  entire  c<jnleut«  of  the  organ  an  inteoaely 
ftoor  ruACtion.  On  reiiecting  that^  in  a  number  of  the  gMtrio 
ksaiotts  now  under  diflOiMRon,  the  Accretion  of  a  joice  poor  in 
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acid  is  either  the  primary  eril  or  a  secondary  effect,  and  ibafc, 
in  a  number  of  others,  the  acid  reaction  is  blunted,  you  will 
have  no  difficulty  in  perceiving  that  the  inimnnity  toward 
putrefactive  and  fermentative  processes,  enjoyed  by  the  healthy 
Btomaohj  must  under  these  circumstances  be  serioasly  joopard- 
•ised.  Abnormal /ermentati<m^  in  the  stomach  are  in  fact  some 
of  the  most  constant  phenomena  of  dyspepsia  ;  and  it  is  chiefly 
the  carbo-hydrates  that  fall  a  prey  to  tbem.  The  ferments 
necessary  to  their  production  can  at  all  times  enter  the 
stomach,  either  from  the  mouth  with  the  food,  or  from  the 
intostino ;  and,  so  far  from  there  being  any  dearth  of  them, 
it  is  well  known  that  lactic  acid  forms  almost  a  regular  cod- 
atituentof  the  gastric  contents  aft-er  carbo-hydrates  have  been 
taken.  In  the  dyspeptic,  however,  not  only  is  much  more 
lactic  acid  produced  than  in  health,  but  this  acid  nndergoeil 
further  fermentation  into  hiityric  acidf  carbonic  acid,  and 
hydrogen.  Besides  this  butyric  fermentation,  in  which  per- 
haps some  other  members  of  the  fatty  acid  series  may  make 
their  appearance,  a/co/io^'r  fermentation  very  commonly  occurs, 
its  6nal  products  being  cuetic  acid  and  carbonic  acid.*  Quite 
peculiar  fermentations  may  indeed  be  set  up  under  these  cir- 
cumstances ;  thus  Ewaldt  detected  ligh-t  carhurHUd  hydrog«(n 
(marsh  gas)  in  the  eructations  of  a  patient  with  very  severe 
dyspepsia,  while  usually  the  gases  which  rise  from  the  stomach 
through  the  oesophagus  consist,  you  are  aware,  of  carbonic 
acid  and  hydrogen.  It  is  to  these  various  and  copious  for- 
mentations  that  the  acid  ]yyro»is  and  so-called  heart-fjum  are 
due — sympt-oms  often  proving  more  troublesome  t-n  the  patient* 
than  does  the  burdensome  sensation  of  fulness  in  the  epigaa- 
irinm,  of  which,  owing  to  the  imperfect  evacuation  of  the 
stomach,  they  nsually  complain.  The  organisms  peculiar  to 
the  vjtrions  fermeutations  aro  never  absent  from  the  gastrio 
contents,  in  particuUr  y^oiUeelU  and  all  aorte  of  hacUria, 
Indeed,  the  decomposing  masses  of  food  form  a  very  favor* 
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•  Krerichs,  '  Verdauang/ p.  803  ;  Scliultir^n.  '  Reich,  u.  Du  iJoia  Arch.^* 
1864,  p.  491  ;  CariuK.  '  V^rhandl.  d.  iiftturhistor.  Wroinf  xu  lIeid«lbAr^/  iv, 
Noil.  6—8  :  '  D*rl.  klJn.  WoclK-nnchr.,'  1874,  No.  37 ;  Budd, '  On  tlM  Orgatiie 
DtMuiM  and  Panctiotial  DiBord«rB  of  the  Stonuk^h,'  p.  330. 

t  Ewald.  '  lUich.  tind  On  Bei«'  Arth.,'  1S74,  p.  317  ;  *  Div  L«br9  voa  d. 
VenUnnnK.'  Berlin.  lH79,p.  57. 
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This  etrealMs  vUwana  is  aggrarated  bj  the  fivs  thas  the 
prodnotA  of  the  abnormal  f  ermentatians  amy  act  as  *^^nt*r  of 
inflammation  in  the  stomach  itself  and  sia  j  thas  aet  ap  gi»- 
tritis  or  add  to  its  seventy  if  already  preaaift.  It  aeed  eaccita 
no  sorpnse^  then,  that  soch  conditions  are  as  a  rale  very  ol^ 
stinate,  and  are  hardly  ever  perfectly  lecofeted 
after  the  adoptikm  of  a  really  artional  lina  d 
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nothing  uncommon  for  gastric  digestion  in  the  dyspeptic  to 
become  gradually  more  difficult,  more  and  more  inadequate, 
till  finally  a  gross  change  in  the  shape  and  condition  of  the 
organ,  a  gcutrectasis,  is  the  result. 

By  ga8trectas%8  is  meant,  as  is  well  known,  a  dilatation  of 
the  stomach  considerably  in  excess  of  the  normal  dimensions. 
Since  the  size  of  the  stomach  is  liable  to  individual  variations, 
and  the  organ  is  extremely  distensible,  its  volume  may  differ 
greatly  at  different  times ;  and  it  is  consequently  impossible 
to  lay  down  absolute  values,  which  if  exceeded  would  neces- 
sitate our  regarding  the  organ  as  ectatic  or  dilated :  it  may 
be  very  voluminous  without  any  dilatation  in  a  pathological 
sense.  One  is  not  justified  in  looking  on  the  condition  as 
morbid,  till  the  organ  is  absolutely  incapable  of  expelling  its 
contents  in  a  normal  manner.  Accordingly,  gastrectasis  is 
not,  you  perceive,  so  much  the  designation  of  an  anatomical 
condition  as  of  a  functional  disturbance  ;  it  involves  the  exis- 
tence of  a  permanent  disproportion  bettoeen  what  may,  in 
general  terms,  be  called  the  expulsive  forces  of  the  stomachy 
and  the  task  which  these  have  to  accomplish.  The  circum- 
stances in  which  such  a  disproportion  will  arise,  need  not  be 
more  particularly  discussed.  For  you  know  that  the  expul- 
sive, evacuative  forces  of  the  stomach  are  simply  the  peris- 
taltic contractions  of  its  musculature,  to  whose  share  both  in 
absorption,  and  in  the  transport  of  the  contents  of  the 
stomach  into  the  duodenum,  we  have  already  done  full  justice  ; 
and  you  are  equally  aware  that  their  office  is  the  propulsion 
of  the  onabsorbed  contents  of  the  stomach  into  the  intestine, 
while  overcoming  any  obstacles  that  may  oppose  this.  When 
a  disproportion  arises  between  the  two  factors,  either  the  task 
must  be  excessive,  or  the  expulsive  forces  must  be  abnot^ 
m^ly  feeble.  The  former  will  be  the  case  when  abnormal 
resistances  are  present  at  the  entrance  to  the  intestine,  %,  e. 
in  stenosis  of  the  pylorus  or  compression  of  the  first  part  of 
the  duodenum,  also  when  the  stomach  is  excessively  fiUed 
with  ingesta ;  while  the  latter  is  evidently  equivalent  to  % 
reduced  functional  capacity  of  the  musculature, 
feebleness.  But  both  conditions  may  coexist ;  and  < 
would  lay  special  stress,  more  espeoiaUy  £or  gwi 
BUise  abnonnal  resistances  mmj  be  prBS—t  r* 
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region,  or  the  stomach  be  repeatedly  overloaded,  and  atill 
dilatation  nay  for  a  long  time  foil  to  set  in.  These  are  the 
cases  in  which  the  rausculataro,  chiefly  of  theportio  pylorica, 
and  to  ft  less  degree  of  the  rest  of  the  orgtin,  undergoes  hyper- 
trophy in  consequence  of  the  increased  call  upon  its  work- 
1  have  already  explained  why  such  hypertrophies  are  neither 
80  constant  nor  eyer  so  extreme  as  those,  for  example,  in  the 
analogous  lesions  of  the  heart, — a  contrast  which  implies 
that  compensation,  as  it  occurs  in  the  Btoniach,  can  only  be 
perfect  when  the  lesion  is  moderate  in  degree,  and  must  fail 
where  the  mischief  is  really  oonnidei^able.  Here  then  wo 
hare  the  second,  and  most  important — because /J^r^e  sufficient 
— oonditioD  for  the  origin  of  every  gastrectasis,  namely, 
inadequate  functional  cnpacity  of  the  muscular  coat. 

These  are  all  considerations  which  had  to  be  taken  into 
account  in  an  exactly  similar  way  when  discussing  the  causes 
aud  the  developnieut  of  dyspeppia.  In  fact  the  differences 
between  a  dyspeptic  and  a  dilated  stomach  are  merely  gra- 
dual ;  and  Roseubach**^  is  perfectly  rigbt  in  regarding  gastrer- 
tasis  as  a  progresx^ire  rhayitje^  nttht* r  than  as  a  fully  developed 
anatomical  condition.  Marked  dilatation  of  the  stomach  is 
always  preceded  by  the  symptoms  of  ordinary  dyspepsia,  and, 
aa  already  noticed,  simple  dyspepsia  leads  often  enough  to 
a  true  and  unmistakable  gastrcetasis  when  the  causes  giving 
rise  to  the  dyspepsia  are  persistent.  This  is  easily  under- 
stood. For  if  the  dyspeptic  stomach  is  incapable  of  completely 
evacnating  its  contents,  and  the  abnormal  decompositions  just 
described  distend  the  organ  by  the  gases  developed  in  their 
train,  the  foodj  being  consequently  withdrawn  from  the  action 
of  the  muscular  coutractionSj  will  tend  to  accumulate  in  tho 
deepest  portion  of  the  organ,  that  is,  the  fundus.  The  latter 
will  cousequently  sink  towards  the  symphysis,  and  at  the  same 
time  by  its  weight  exert  a  continuous  and  not  inconsiderable 
pull  on  the  pylorus,  whose  position  is  much  more  fixed,  so 
that  the  expulsion  of  the  gastric  contents  will  now  be  less 
easy  than  before.  Under  these  circnmstances,  gristric  diges- 
tion becomes  increasingly  diilicult;  absorption  and  tho  evacua- 
tion of  the  contents  of  the  stomnch  into  the  duodenum  more 
and  more  imperfect;  while  the  decorapositiou  and  development 
•  0.  Rwnlmcb. '  Volkm.  klin.  Vortr./  No.  163. 


^2  ^'^ra  smwacs. 


<ii»ri*iuT<*rt  ca  aack  a  iesreft  as  ai  aceamiiiiHtBB 
of  dnicL  ftxawnifng'  inch,  na  j  utii  i  hi  hiiiib  Iiu  sfepehris. 
Li  &  ssawaeh  so  tTrlttiytf  as  gHibv  actosL  aiaeoEum. 
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30  diac  die  iepch.  if  ma  grcscer  jBrracsre  will  bftainost  tke 
Mine  v!i^wr  aie  arzui  m  ilkd  sa  :s  aaniwc  tanpadsy  <v  csp- 
fiied  by  mesiui  •!£  aia  ^BmfnaiTh  -qmnp^  Tlu  aiarzy  tsE  cIk  ab- 
noraai  artngrrBiMiiii  ami  aaeomaasciDiw  Tmrrng  piac»  m  tto 
irrt»TTi*  aoinarfi  a  naoa^j  «i  if xsrvmey  soafi  ^mt  DuaeKB  cxb»- 
nences  sBUftsaooa  aa  cztoofcti  a«  aad  afi  'mis  miiTWi»«c  ^  Tincgmr- 
«c  aaotker  a  gai»  oianTcajsary  in.  hm  btHXj.  The  incif  u— 
prruiim&ca  f^i  gnjipn  li'«»fi  w  sociL  ^romaiiiaable  sweffia^  of  cW 
gcamack  and  proiniziieiiix  of  cite  aMcmnukl  vaU  siau  %  ^Mtr 

eocpalfiney.  fioc  oolj  a  katstr  oLspccciciL.  For  skis  appwrevt 
gmbnmftmU  ennirraaa  coIt  scu  joacpiT  vtck  cae  i^actk  ctf  &s 
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cvgaa  i  bwide*  uie  wac«r.  aad  eke  «v»  aad  ocker  sabscaacea 
diaiMAred  skere,  is  l»xem  uie  eaczre  qaaadtr  cf  pepcoaes  wbick 
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Bderable  reduction  in  tliG  amount  o£  liquid  abaorbed 
froic  tb^  digestive  canal. 

AccordLugly^  you  cannot  fail  to  perceiv^e  that  dyepepsia  in 
tig  more  extreme  forms^  where  gastrectasis  and,  with  it^  a6«o- 
luis  iiMufitiency  of  the  atomach  liavo  developed,  is  a  severe 
disease.  It  is  calculated  not  merely  to  destroy  the  subjec- 
tive sensation  of  well-being, — a  reBultj  perhaps,  partly  due  to 
%  kind  of  aelf-poisoning  with  butyric  acid,  &c.* — but  also  to  ' 
gradually  underniiue  the  eutire  constitution.  The  worst  point 
»boat  it  ia,  unquestionably,  that  the  entire  process,  when  left 
to  itself,  beoomey,  in  harmony  with  its  internal  conditions,  a 
coiitinnally  progressive  one,  for  this  renders  the  prognosis 
most  unfavorable,  unless  the  physician's  art  should  avat]« 
Ind<^«d,  it  might  very  well  excite  your  astonishment  that 
individuals,  the  greater  part  of  whose  food  remains  undigested 
and  unabsorbod  in  the  stomach,  can  by  any  possibility  live 
fora  leugthof  time,  and  do  not  rapidly  succumb,  either  through 
inanition,  or  directly,  through  rupture  of  the  organ.  That 
neither  the  one  nor  the  other  occurs  is,  in  fact,  due  to  the 
iDtvrvontion  of  a  factor  which,  though  not  previously  men- 
tioned by  U8j  is  of  supreme  importance  in  the  entire  pathology 
of  the  stomach,  namely,  vomiting. 

You  know  that  by  vomiting  is  understood  the  ejection  of 
solid  or  liquid  substances  from  the  stomdch  through  theceso- 
pbagna,  pharynx,  and  mouth ;  and  you  will  willingly  dispense 
with  nn  accurnt-e  deecriplion  of  the  details  of  the  act.  It 
Always  cnmuieuces  in  the  same  typical  way  with  a  feeling  of 
l«4wtiude,  giddincMs,  and  especially  nausea;  swallowing  and  i 
straining  moveuients  then  set  in,  with  sweating  and  profuse 
salivation,  till,  after  a  deep  inspiration,  the  uncontrollable 
e^uUi^m  ensues.  Of  all  these,  the  final  act  ia  certainly  the 
mofiit  important,  and  it  must  therefore  be  our  main  object  to 
explain  the  mctde  of  its  occurrence.  No  one,  who  has  once 
witue»aed  Hnth  what  force  the  contents  of  the  stomach  are 
expelled  from  the  mouth  in  vomiting,  can  doubt  that  it  must 
1x5  yrtMmuTHj  and  very  considerable  pressure  too,  that  comniu- 
nicatca  thia  motion  to  the  stomach-contents.  A  very  simple 
experitii  >  establish  this  bey(md  all  doubt.     A  fast- 

ing dor  I  a  half-sitting  posture  on  its  back,  and  an 

'  Sonalor,  *  BerL  klin.  Wochen»chr./  1868,  No.  14. 
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'VF^amrj  tfewyfagyal  SfOfind  is  ictrcdneed  £ram  the  aMMftk  inlo 
tiMr  snoBdHek.  Tlifr  aomacb  is  filkd  with  s  qnsotitT  of 
sod  tlift  Kc&dy  pvMiected  in  tlie  nsoal  vbt  Inr  a  gag- 
tdMt  w-rff*}*s  UftAk^  3S  oonmectcd  bj  an  india-mbber  tnbe  vith 
tM:  lA^^n  jiecb  fA  a  watcr-macometer.  Tbe  oc^innn  of  water 
v3jL  bir  M«ik  to  stand  just  abvre  tbe  zero  point,  and  ahevs  tIb 
W<4  a  HtsSe  with  tbe  moremects  of  re«(nianon.  On  sabco- 
Uiuwm^  tBJeeting  a  PraTaz;'  synngefal  of  a  "2  per  eent. 
wAmtkm  'A  af^^morpbia,  or  introdocing  a  few  cubic  centimetrea 
*A  %  %  per  cent.  »c4ation  of  tartar  emetic  into  a  saper£cial 
rein,  joa  will  notice  before  long,  that  while  the  dog  makes 
the  BK«t  nnnistakable  retching  morements,  and  then  fovciblj 
eject*  water  from  its  month,  the  water-colomn  of  the  mano- 
meter ascends  rerj  oomdderablT,  and  then  immediateljfisUs  to 
or  beV>w  the  zero-point.  After  a  short  paose  the  vomiting  is 
repeated,  and  is  accompanied  br  an  almost  instantaneous  rise, 
an  actual  upward  rush,  of  the  water-column,  followed  bv  an 
equally  rapid  f&IL  This  nsnally  occurs  sereral  times  before 
tbe  column  permanently  assames  its  original  low  lerel.  The 
eleration  of  the  water-colamn  is  very  considerable,  and  in  a 
strong  dfff^  may  far  exceed  a  metre. 

What  is  the  origin  of  the  force,  whose  powerful  effects  yon 
have  just  witnessed  ?  The  idea  naturally  suggesting  itself 
is,  that  it  is  due  to  the  very  energetic  contractions  of  the 
stomach.  For  fishes  and  amphibians,  which  do  not  possess  a 
diaphragm,  this  is  perfectly  correct.*  For  mammals,  how- 
ever, the  erroneousness  of  this  idea  was  clearly  shown  by 
Msgendie,t  in  a  celebrated  series  of  experiments.  He  ascer- 
tained,fir8t,thatwhenthefinger  is  introduced  into  the  abdomen 
of  a  dog,  secured  in  the  position  already  described,  it  is  ex- 
posed during  vomiting  to  great  pressure,  from  above  by  the 
liver  which  is  forced  downwards  by  the  diaphragm,  and  by 
the  abdominal  mascles  as  well  as  the  intestines  compressed  by 
them.  He  determined,  next,  that  even  after  extirpation  of 
the  stomach,  violent  retching  follows  the  injection  of  tartar 
emetic  into  the  veins  ;  and,  finalljj  He  succeetled  in  prodnring 
vomiting  of  water,  after  the  same  injection,  in  a  dog  wboae 
stomach  was  extirpated  and  replaced  by  a  pig's  Lladdari  filled 
•  QL  Melljngier,  'Pfidg,  A,/  hit,  p.  232. 
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witb  water,  and  secured  to  a  sound  wbioh  had  been  intro- 
duced into  the  cBsophagns.  It  was  thus  established  that  the 
eonlracticfnjt  0/  the  diaphragm  and  abdominal  munrles  pluy  a 
very  important  role  in  the  act  of  vomiting ;  still  the  behaviour 
of  the  stomach  itself  remained  obscure,  till  fully  cleared  up 
by  an  oxcclleut  investigation  of  Riihlo.*  This  experimenter 
made  the  stomach  accessible  to  direct  observation  by  a  large 
crucial  incision  through  the  abdominal  wall,  and  saw  that  with 
the  setting  in  of  vomiting  movements,  the  organ,  which  bad 
previously  been  distended  by  air,  rapidly  coUapgett.  Its  ante- 
rior wall  approaches  the  posterior,  and  is  thrown  into  several 
large  folds,  running  down  from  the  cardia  towards  the  greater 
curvatore,  while  the  cardia  itself  is  drawn  up  into  the  foramen 
iBeopbagenmj  as  if  into  a  funnel.  It  is — to  use  Traube'st  ex- 
pression— as  though  a  bladder  filled  with  air  had  been  sud- 
denly punctured.  How  iudependent  this  is  of  the  contraction 
of  the  musculature  of  the  stomach  is  most  strikingly  taught 
by  a  repetition  of  our  manometer-experiment  with  the  organ 
expohed — an  experiment  also  tried  by  Riihle  in  a  similar  way- 
If  we  now  inject  the  apomorphia  or  tartar  emetic  into  onr  dog, 
the  elevation  of  the  water-column  of  the  maaometer  is  alto- 
gether absent  or  very  trifling ;  sometimes,  iudoed,  a  sudden 
downward  movement  for  several  centimetres  occurs.  The  ei- 
prrim^'nt,  when  thus  carried  out,  though  convincing, is  an  ugly 
and  horrible  one,  because  the  object  being  to  produce  vomit- 
ing, morphia  narcosis  must  be  avoided.  It  is  therefore  advis- 
able to  adopt  a  modification  suggested  by  Gianuzzi,|  and  to 
Oftrry  ont  the  experiment  on  a  curarised  dog.  The  dose  of 
corare  must  be  of  Hnch  a  strength  that  electric  stimulation  of 
the  sciatic  no  longer  leads  to  muscular  contraction,  while 
siunnlation  of  the  crunk  of  the  vagus  in  the  neck  still  gives 
riee  to  very  evident  contruclions  of  the  stomach.  In  a  dog 
prepared  in  this  way,  Giauuzsi  occluded  the  duodenum  by  a 
firm  ligature,  and  connected  the  stomach  witb  a  water-mano- 
moter  by  means  of  a  sound  introduced  into  the  ccBophagus 
Ihroagh  an  iocision  in  the  nock.      When  be  now  injected  the 

*  B^ble*  in  Tnabe's  '  Beiirage  zur  expetrim.  FftthoU'  Hft.  i«  p.  1,  1646. 
t  Trmabe,  *Sjtnptouie  der  Knokheiten  de*  Resptnitions- und  C5rcaU- 
tiMw-apfaimt«i,'  1867,  p.  118. 

I  Guuaui, '  Mtfd.  Centnilb.,*  1865,  p.  1. 
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tartar  emetic  into  a  vein,  no  notic^ahlo  alteration  ocx^urred  in 
the  level  of  ike  column  of  water.  It  may  therefore  bo  regarded 
aa  irrefutably  proved  that  the  stomach  behaves  purely  paa- 
sivoly,  and  carries  out  no  contractiojia  during  vomiting. 

But  before  the  stomach,  when  compressed  by  the  diaphragm 
and  abdominal  muscles,  cau  actually  discharge  its  contents, 
it  is  necessary  that  no  considerable  resistance  should  oppose 
it  J  or,  in  other  words,  that  an  orifice,  a  means  of  exit,  ahould 
be  provided.  Of  the  two  natural  orifices  of  the  stomach,  the 
pylorus  need  hardly  be  taken  into  account ;  Erst,  because 
the  duodenum  must  be  exposed  to  the  same  pressure  as  the 
stomach  itself,  and,  second,  because  the  pylorus  is  usually  so 
firmly  closed  that  energetic  contractions  on  the  part  of  the 
musculature  of  the  regie  pylorica  are  required  to  open  it.  The 
behaviour  of  the  cardia  is  the  more  important  in  the  act  of 
vomiting.  We  saw  in  the  exposed  stomach,  that  danug  vomit- 
ing the  cardia  is  drawn  up  into  the  foramen  oesophageam  as 
into  a  funnel, and  that  the  distended  stomach  collapses  and  falls 
into  folds.  1  mentioned,  too,  that  the  pressure  in  the  inte- 
rior of  the  organ  may  fall  by  several  centimetres  water.  All 
this  would  bo  quite  uuintt'Uigible,  were  it  not  that  the  cardia 
and  the  gullet  itself  at  the  same  time  yield  and  open  directly. 
In  order  to  explain  this  yielding,  various  writers  have  assumed 
that  an  actual  contraction  of  the  longitudinal  muscular  coat 
of  the  CBSophagus  takes  place.  But  such  contraction  has 
never  been  directly  observed ;  and  Liittich*  quito  correctly 
draws  attention  to  the  fact  that  the  character  of  the  longitu- 
dinal fibres  of  the  gullet  in  man  (smooth  muscle)  renders  & 
r^id,  retrograde,  and  sudden  shortening  improbable.  This 
experimenter  attaches  great  importance  to  another  mechan- 
ism, which,  indeed,  appears  well  calculated  to  thoroughly 
clear  up  the  occurrence.  In  vomiting,  whether  in  the  dog 
or  in  man,  it  is  not  difficult  to  determine  that  the  ejection  of 
the  vomited  matters  is  preceded  by  a  deep  vwvemeni  of  ir»- 
9piraiion,  during,  and  subsequently  to,  which  the  glottis  con- 
tinues clofted.  The  occurrence  may  be  observed  directly,  is 
also  testified  to  by  the  downward  movement  of  the  diaphragm, 
and  has,  moreover,  been  demonstrated  by  Liittich  by  maaus 

•  Liitticb,  '  Ueber  d.  MeohanismviB  des  Br*ch«ts,  ifwhwondere  ubcr  dj* 
Bethctligang  dcs  Oesophagua/  I.-D.  Kiel,  1373. 
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of  a  tmcheal  manometer  :  its  necessary  consequence  is  a  con- 
siderable diminution  of  intra -thoracic  pressure.      This  will  re- 
tlt  in  a  dilatation  and  elevation  of  the  gullet,  and  in  the 
ition  of  the  entire  frictional  and  elastic  resistAnce  which, 
ing  to  its  length  and  narrow  calibre^  this  canal  must  other- 
lae  offer  :  not  only  so,  but  the  evacuation  of  the  stomach 
ill  be  materially  assisted  by  an  actual  suction-action  of  the 
'gullet. 

The  mechanism  of  vomiting  in  man  ia  accordingly  such, 
that  while  the  diaphragm  and  abdominal  muscles   contract, 
the  gullet  dilates  and  the  cardia  is  opened.     So  energetic 
are  the  contractions  that  the  level  of  tho  diaphragm   equals 
that  of  the  deepest  inspiration,  while  the  effort  put  forth  by 
the  abdominal  muscles  is  not  exceeded  in  the  most  forced  ex- 
piration ;  and  in  this  way  the  abdominal  cavity  is  suddenly 
narrowed  in  all  dimensions  and  its  contents  are  exposed  to  a 
great  increase  of  pressure.    Since  a  yielding  or,  more  correctly, 
»pen  spot  is  present  at  the  cardia,  the  material  present  in  its 
jig^bourhood — the  contents  of  the  stomach — will  be  forced 
ihrough  the  orifice.      They  will  be  thrown  into  the  non-resis- 
tant gullet,  and  now  rush,  often  with  great  rapidity,  into  and 
from  the  month.     Both  factors,  the  compression  of  theabdo- 
tnen  and  the  dilatation  of  the  oesophagus,  are  regularly  com- 
binod  in  the  act  of  vomiting  ;  when  one  or  the  other  is  ab- 
sent, actual  vomiting  is  very  exceptional.     A  curarised  dog, 
with  paralysed  abdominal  muscles,  does  not  react  to  emetios 
by  vomititig,  and  the  greatest  efforts  made  in  straining  at  ' 
stool  never  occasion  vomiting,  because  the  cardia  remains 
loscd. 
When  an  entire  group  of  muscles  contracts  so  energetically 
as  is  here  the  caae,  the  cause  can  only  be  sought  in  a  aimuU 
^gL^ncotks  stimulation  of  the  nerves  supplying  them.      Gianuzzi's 
^Korare-experiment  also  speaks  very  plainly  for  this  conclusion. 
^Bf  oreover,  another  experiment,  also  devised  by  Oianuzzi,'*''  has 
tangbt  DS,  at  least  approximately,  the  situation  of  tho  centre 
from  which  the  nerves  concerned  are  stimulated.      In  young 
dogs,  in  which  he  had  divided  the  cervical  cord  between  tho  A 
^^fa^snd  third  vertebras,  the  administration  of  an  emetic  was   ' 
^^^^bntly  followed  by  retching  movements  made  by  the  muscles 
^^^^^^^k        *  Gianuzzi,  'Med.  CentralU./  1865,  p.  129. 
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of  the  moath  and  ifaroat,  while  the  abdominal  muscles  And 
diaphragm  remained  perfectly  quiescent.  If  it  follows  from 
thia  that  the  cause  exciting  vomiting  acts  on  some  region  of 
the  central  neryons  system  which  is  situated  higher  up  than 
the  spinal  cord,  wo  may  fairly  go  a  stop  further  and  seek  thia 
vomiting  centre  in  the  group  of  ganglion-celh  controlling  tfie 
movements  ofre&piration*  The  muscles  chiefly  engaged  in  tho 
act  of  vomiting,  the  diaphragm  and  abdominal  muscles,  ard 
also  respiratory  in  function  ;  the  only  difference  being  that 
they  are  innervated  alternately  in  respiration  and  simulta- 
neously in  vomiting.  This  agreement  extends  so  far,  indeed^ 
that  the  respiratory  muscles  of  tho  thorax  aUo  take  part  in 
the  act  of  vomiting.  Here,  too,  we  have  an  explanation  of 
the  facts,  established  in  Hermann's  laboratory,*  that  emetici 
interfere  with  the  production  of  apucea,  and  strong  artificial 
respiration  with  the  occurrence  of  vomiting.  True  the 
stimulus  caused  by  emetics  is  not  confined  to  the  ganglion- 
group  of  the  respiratory  centre  :  the  vomitiug  centrti  is  mors 
eoBtensive  than  the  re^iraiory.  This  is  proved  by  the  swallow- 
ing and  retching  movements  which  constitute  an  integral  part 
in  the  act  of  vomitiug,  but  have  nothing  to  do  with  re^ipim- 
fcion ;  and  additional  proof  is  afforded  by  certain  phenomena 
connected  with  the  circulatory  apparatus,  to  which  Tmobet 
has  called  attention.  At  the  commencement  of  vomiting, 
what  are  called  vagus-pulsations  appear  in  ty]>ical  form  ;  these 
are  very  large  pulsations,  which  follow  one  another  very 
slowly,  and  are  accompanied  by  a  lowe.ring  of  ihs  mean  arts* 
rial  pressure.  With  the  evacuation  of  the  stomach  at  the 
termination  of  the  attack,  ou  the  contrary,  the  slowing  ia 
converted  into  an  acccleraiton  of  the  pulses  and  the  arterial 
pressure  rises  slightly  above  its  level  before  the  act  of  vomit- 
ing. The  cause  of  these  phenomena  ia  to  be  soughtj  on  the 
one  hand,  in  a  strong  excitation  of  the  vagus  while  the  intra- 
thoracic pressure  is  diminished,  and,  on  the  other  band,  in 
the  influence  of  the  energetic  muscular  contractions  on  the 
arterial  tension.  That  the  latter  does  not  make  itself  soonerj 
felt,  at  the  commencement  of  vomiting',  is  due  to  the  loweringi 
of  preasuro  in  tho  thorax  and  the  stimulation  of  the  vagus 

•  Urimm. '  Pflug.  A.,'  iv,  p.  105. 
t  Tmnbe,  1.  e^  p.  131. 
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centre  by  the  emetic  ;  only  when  these  have  parsed  off  doea 
the  sodden  rise  of  arterial  pressure  set  in.  Add  to' this  that 
emetiod,  especially  tartar  ometic,  which  contains  potash,  may 
exert  s  direct  pernicious  action  on  the  function  of  the  heart. 
At  any  rate,  the  signs  already  referred  to  as  irainediately  de- 
pendent on  the  act  of  vomiting  warn  us  sufficiently  to  use  the 
utmost  caation  in  the  employment  of  emetics  with  individuals 
who  are  suffering  from  pronounced  disturbance  of  the  circu- 
lation, more  especially  from  heart  disease. 

The  catt9C4i  exciting  voiniling  are  extremely  numerous. 
Direct  ntimulation  of  the  vomiting  centre  appears  to  be  a 
common  one;  at  any  rate,  we  may  thus  explain  the  sickness  of 
ibo  stomach,  which  so  frequently  accompanies  various  diseases 
of  the  brain  or  its  membranes,  e,  g,  concussion  and  tumours, 
and  which  is  ran^ly  absent  in  basilar  meningitis.  A  strong 
excitation  of  the  expiratory  centrcj  such  as  occurs  in  violent 
and  proltinged  Gts  of  coughing,  may  extend  to  the  entire 
ganglion  group  of  the  vomiting  centre  proper  ;  thus,  e.  g.  the 
paroxysms  of  hooping-cough  usually  end  in  sickness  of  the 
aiomach.  Further,  the  composition  of  the  blood,  or  rather 
the  presence  of  certain  substances  in  it,  can  stimulate  the 
nerroos  centre  to  initiate  the  act  of  vomiting.  This,  in  all 
probability,  is  the  explanation  of  the  tendency  to  vomiting 
obaerred  in  patients^  from  whose  blood  the  excretion  of 
Mftenttal  uriuary  cunstituGnts  is  prevented,  i.  8.  in  the  urmmie. 
That  true  emeticft  act  directly  on  the  centre  is  rendered  likely 
by  the  facts  of  which  yon  yourselves  have  been  witnesses — 
that  their  Injection  beneath  the  skin  or  into  the  blood  promptly 
gives  rise  to  vomiting.  For  tartar  emetic,  this  view  has  been 
somewhat  shaken  by  Hermann,'*^  who.se  comparative  experi- 
ments showed  that  the  salt  acts  much  more  rapidly,  and  in 
smaller  doses,  wlien  introduced  into  the  stomach  than  when 
injected  into  a  vein.  Such  experiments,  however,  are  a  little 
deceptive,  because  the  excitability  of  the  vomiting  centre  is 
•object  to  great  variations ;  not  only  different  dogs,  but  the 
same  animal  at  different  times,  will  vomit  easily  or  with  diffi- 
cnlty.  But  Hermann  succeeded  in  establishing  another  fact 
■a  the  result  of  his  experiments,  namely,  that  when  the  tar- 
tar emetic  is  injected  into  the  bU.Ktd,  the  first  vomit  alwaya 
•  Humiaun.  •  Pfliig.  A,'  r,  p  280. 
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contains  antimony ;  and  this  may  unrloabtodly  be  ntfliBe-d 
in  Bnpport  of  Lis  view,  according  to  which  the  salt  produces 
vomiting  solely  by  irritation  of  the  peripheral  nerves,  in 
9pecie  those  of  the  etomach.  Snch  indire<^i  excitation  of  the 
vomiting  cpntre  by  irritation  of  sorao  one  or  other  cpntripetal 
nervej  is  certainly  by  far  the  most  general  mode  in  which 
vomiting  is  brought  about.  The  impulses  initiating  the  re- 
flex vomiting  may  proceed  from  the  most  difPerenl  rogiona 
of  the  body.  This  form  is  often  a  very  troablesome  sym- 
ptom of  certain  renal  and  nt^rine  affections,  and  is  specially 
prone  to  aooompsny  various  irritable  conditions  connected 
with  the  female  sexuttl  functions ;  as  in  pregnancy,  displace- 
ments of  the  Dtorus,  external  adhesions  of  this  organ,  Ac. ; 
moreover,  the  passage  of  a  gall-stone  (hepatic  m^V)  asnally 
gives  rise  to  obstinate  sickness  of  the  stomach.  Ton  all  know 
with  what  certainty  vomiting  may  be  called  forth  by  tickling 
the  soft  palate  or  touching  the  posterior  wall  of  the  pharynx. 
Bnt  in  spite  of  all  this,  the  moat  important  region  as  regards 
the  pathology  of  vomiting  is  the  stomach  itself;  for  in  man  and 
animals  capable  of  vomiting,  nothing  more  certainly  prodaoes 
sickness  than  irritation  of  the  wall  of  the  organ  or  of  the 
centripetal  nerves  distributed  through  it.  The  nature  of 
the  irritation  is  comparatively  immaterial,  and  may  be  of  the 
most  different  kinds.  Chemical  means  are  no  lews  potent 
than  mechanical.  If  the  finger  be  inserted  through  agastrio 
fistula  into  the  stomach  of  a  dog  and  firm  pressure  be  made 
on  the  mucous  membrane,  or  if  a  very  large  quantity  of  tepid 
water  be  introdnced  into  the  organ  through  an  cesophageal 
sonnd,  the  animal  immediately  goes  through  the  movement« 
of  retching,  which  often  enough  terminate  in  actual  vomiting. 
The  same  result  is  equally  certain,  when  the  terminations  of 
of  the  sensory  nerves  of  the  stomach  are  bathed  in  a  aolntion 
of  sulphate  of  copper  or  of  tartar  emetic.  It  is  not  surprii- 
ing,  therefore,  that  vomiting  ahould  occasionally  take  plaoe 
in  all  varieties  of  diseose  of  the  stomach,  and  be  very  frequ4>nt 
in  some  of  them.  Thus,  it  is  especially  common  in  ukcratif 
proce»ae/t,  and  equally  bo  whether  the  ulcer  is  simple  or  can- 
cerons  ;  the  nerves,  being  laid  bare  by  the  ulooration  and 
deprived  o!  their  natural  protective covorings^are  more  readily 
and  strongly  irrilHted  than  ruinal  liy  tho  acid  cootimta  of  the 


VOMTTrXO. 


871 


It  alao  occurs  in  conscquoncc  of  deop  cicatrices 
ea^iernal  adhesions  of  the  Btomach,  because  an  abnormal 
jnggiog  on  the  nerves  will  bo  here  unavoidable.  Lastly,  it 
is  sset  with  in  stenosis  of  the  pylorusj  since  abnormal  fulness 
and  distension  of  the  stomach  are  easily  set  op  as  the  result. 
But  such  organic  diseases  of  tlie  stomach  are  not  necessary 
to  the  production  of  vomiting ;  every  common  dy/fpejma  is 
calculated  to  bring  it  about,  because,  as  already  explained, 
it  is  attended  by  excessive  distension  of  the  organ,  and, 
owing  to  the  abnormal  fermentative  decomposition  of  the 
ingeata,  by  chetnicul  irritation  of  the  gastric  nerves.  Vomit- 
ing would  undoubtedly  be  a  much  commoner  symptom  of 
dyspepsia,  were  it  not  that  these  nerves  become  partly  habi- 
taat4)d  to  the  abnormal  conditions,  bo  that  their  excitability 
u  gradually  hlunttd.  This  is  eminently  tho  case  in  true  dila- 
tation of  the  stomach,  when  vomitiug  does  not  take  place  spon- 
taneooaly  till  the  organ  is  enormously  filled  with  food,  and  the 
femMKitations  have  become  greatly  intensified.  Individuals 
with  markedly  ectatic  stomachs  vomit  comparatively  rarely 
Ukd  only  at  long  intervals ;  and  when  vomiting  does  occur  the 
efecUd  matUrti  are  unusuallij  ahundnnt.  In  the  most  ad- 
vnaced  stages  of  gastrectasis,  the  mucous  membrane  may  even 
bo  BO  insensible  that  spontaneous  vomiting  ceases  to  take 
place  despite  tho  extreme  fulness  of  the  stomach  and  energy 
of  Uie  fermentations.  When  emetics  also  fail  to  produce  it, 
Ihis  is  a  ngnum  malt  ominia,  because  it  indicates  that  the 
Yomtting  oentro  has  also  lost  its  excitability. 

Tho  material  vomited  is  the  contents  of  the  stomach.  More 
mndy  it  hap])enH  that  the  pylorus  yields  sufficiently  to  permit 
the  expulsion  of  the  contents  of  the  duodenum,  orof  still  lower 
portioxifl  of  the  gut,  by  the  pressure  of  the  abdominal  muscles 
and  diaphragm,  and  their  ejection  thix>ugh  the  oesophagus 
and  mouth ;  but  tliis  vomiting  of  bile,  or  even  of  faeces,  is  only 
met  witli  when  the  attack  is  unusually  violent  and  persistent. 
Eyod  if  we  neglect  such  cases,  however,  the  composition  of  the 
vomit  varies  extremely.  Tho  bulk  of  it  usually  consists  of 
matters  previously  introduced  into  the  stomach,  t,  e.  the  con- 
stituents of  the  food  ;  but  I  need  hardly  say  that  products  of 
the  organism  itself,  which  have  entered  the  stomach,  may 
oqaally  well  be  expelled  from  it  during  vomiting.     The  so- 
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called  vomitu^  matntlmis  consists  simply  of  saliva  wbicli  Li 
flown  into  the  stomach  in  large  quantities ;  in  Jiwinaitntieng 
we  Lave  to  deal  witb  blood  whicL  lias  escaped  from  tho 
vessels  of  the  stomach  into  its  cavity  ;  the  vomit  in  cholera 
consists  solely  of  "Wc«-tra/er,'*  and  the  occurrence  of  vomit- 
ing in  this  disease  is  duo  to  the  abundant  secretion  of  this 
fluid  from  the  whole  digestive  canal.  Vomited  iugesta  are 
always  mixed  with  the  ordinary  secretions  of  the  gastric 
mucous  membrane.  Moreover^  the  composition  of  the  vomit 
varies  greatly,  not  only  in  correspondence  with  the  nature  of 
the  food  consumed,  but  also  in  proportion  to  the  length  of  its 
sojourn  in  the  stomach,  and  abovo  all  according  to  the  func- 
tional CBpacity,  the  digestive  energy,  of  the  organ.  The 
shorter  the  time  elapsing  between  the  consumption  and  the 
ejection  of  the  food,  the  less  will  its  appearance  be  altered. 
Yet  when  the  gastric  function  is  decidedly  insufficient,  por- 
tions of  the  ingosta  may  remain  comparatively  unchanged  for 
hours  or  even  days,  and  then  be  vomited,  covered  and  nnturatcd 
with  tenacious  mucus.  But  some  of  the  coustitucnta  of  the 
food  cannot  long  continue  unaltered.  Of  the  carbo-hydrates 
I  have  told  you^  that  under  such  circumstances  they  undergo 
extreme  decomposition,  and,  accordingly,  the  vomit  in  dys- 
pepsia, and  still  more  in  gastrectasis,  will  have  a  penetrating 
sour  smell,  and  is  often  extremely  offensive  or  even  foetid. 
I  need  not  again  say  that  yeast-cells  and  various  schizomyoetofl 
are  never  absent,  and  that  sarcinoD  are  also  usually  found  in 
the  vomited  matters. 

To  the  question.  What  are  the  connequencea  of  vomiting  for 
the  organism,  and  in  gj^cw  for  digestion  ?  no  general  reply 
can  be  given.  In  considering  it,  the  act  of  vomiting  itself 
may  be  disregarded  ;  for  the  effects  on  the  circulation  have 
already  been  described,  and  you  are  yourselves  aware  that 
the  violent  muscular  exertion  often  results  in  great  exhauH- 
tion,  which  is  by  no  means  without  its  dungent  for  many  pa- 
tients. As  regards  digestion,  the  moat  important  point  un- 
doubtedly is,  that  the  vomiled  tnattttrs  are  ihfuiitircly  with' 
drawn  from  the  (organism.  What  thia  involveSjyou  will  bret] 
appreciate  on  considering  that  except  for  thr  — i'  r|uantitj| 
of  carbo-hydrates  acted  on  by  the  saliva,  the  igcxlion' 

of  the  food  comtDODoea  in  the  stomach.      In  faci>  a  person  wkuj 
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^Oftlly,  daring  the  first  couple  of  boars  after  a  meal, 
Toraitfl  everythiiig  he  has  eaten,  will  in  a  short  time  be  the 
.victim  of  marked  inanition,  and  may  actnallj  die  of  starvation. 
[ence,  in  women  who  suffer  daring  pregnancy  from  obsti- 
nate vomiting,  uncontrollable  by  ordinary  means,  it  has  often 
been  found  neceasary  to  artificially  shorten  the  pregnancy  in 
►rdcr  to  preserve  life.  And  it  is  precisely  the  frequent  vo- 
miting that  confers  on  many  diseases  of  the  stomach — some 
ca8e»  of  ulcus  simplex,  for  instance — no  small  degree  of  im- 
portance as  affections  attended  by  severe  constitutional  results. 
Bat  vomiting  is  not  always  such  a  prejudicial  or  undesir- 
able eTent.  For  poisonoas  substances  which  have  entered 
the  stomach  may,  like  the  ordinary  constituents  of  the  food, 
be  removed  from  the  organ  by  vomiting  ;  and  the  physician 
often  avails  himself  of  this  means  to  remove  from  the  stomach 
matters  of  which  it  is  desirable  the  organism  should  be  freed. 
In  pathology,  however,  more  interest  attaches  to  the  fact  that 
1^  body  has  recounft  to  vomiting  ob  a  vxean8  of  regulation  in 
certain  eeutejf.  When  the  insufficient  stomach  of  a  dyspeptic 
ha«  digested  and  absorbed  according  to  its  capacity,  is  it  not 
really  better  for  the  patient  that  the  useless  portions  of  the 
food  shoald  be  ejected,  rathor  than  remain  undigested  in  the 
organ,  there  to  undergo  the  abnormal  decompositions  already 
detcribed  T  Sach  patients  are  unanimous  iu  stating  that 
vomiting  always  affords  them  considerable  relief.  By  it  the 
atoBiacb  is  freed  from  a  useless  and  injurious  burden,  and  is 
Uiiis  enabled  to  employ  its  powers,  however  reduced,  in  the 
MTVtoa  of  the  organism  at  the  next  meal.  And  if  additional 
proof  of  the  correctness  of  this  reasoning  be  required,  it  is 
nffordod  by  the  modem  treatment  of  dyspepsia  and  gas- 
itrectaais,  which  consists,  as  yon  are  aware,  in  the  syste- 
matic evacuation  of  the  organ  by  the  stomach-pump— a  means 
of  aecuring  excellent  results,  in  a  province  formerly  almost 
ioacoessible  to  the  physician's  art. 

It  was  implicitly  assumed  iu  the  foregoing  discussion,  that 
ll)«  atoimach  forms  a  cavity  whose  parietes  are  everywhBre 
eh&ed  except  at  the  two  orifices  of  the  cardia  and  pylorus. 
Only  in  such  a  cavity  could  the  chyme  which  is  not  absorbed 
tn  tlie  ttomach  be  secare  of  arriving  in  the  intestine,  the 
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next  place  of  digesfciou.  It  is^  however^  nothing  rare  for  an 
interruption  of  the  continuity  of  the  wall  of  the  stomach  to 
take  place  at  some  spot.  Learing  wounds  out  of  accoant, 
this  result  is  commonly  due  to  an  ulcerative  process  ooour- 
ring  in  the  stomach  itself — a  process  which  is  most  frequently 
cancerous,  less  often  simplej  and  only  rarely  tuberculous  or 
diphtheritic,  and  which,  by  gradually  destroying  deeper  and 
deeper  portions  of  the  wall,  finally  breaks  thruuf^b  it,  giving 
rise  to  jierforation.  But  the  contrary  may  sometimes  happen; 
and  a  suppurating  lymphatic  gland  or  an  hepatic  abscesSy  an 
ulcer  of  the  large  bile-ducts  or  a  carcinoma  of  the  colon,  may- 
involve  the  stomach  and  catise  peuetnition  of  its  cavity  from 
without.  The  consequences  of  an  opening  established  in  any 
of  those  ways  will  be  very  different  nccordiug  to  the  siao, 
and  more  especially  the  situation,  of  the  aperture.  Whether 
it  is  situated  in  the  anterior  or  the  posterior  wall,  in  the 
fundus  or  the  regio  pylorica,  near  the  greater  or  lesser  cur- 
vature, the  contents  of  the  stomach  will  be  pressed  through  it> 
during  the  peristaltic  movements^  in  quantities,  and  mossoifl, 
which  will  vary,  of  course,  in  proportion  to  the  size  of  the 
opening.  Tlie  simplest  condition  of  affairs  will  be  presented 
by  an  opening  which  leads  directly  outwards,  %,  e.  a  typical 
fiastric  fistula  ;  for  the  loss  sustained  by  the  body  through 
the  escape  of  chyme  may  here  be  directly  estimated^  and  may 
easily  be  reduced  to  a  minimum,  if  not  completely  prevented, 
by  artificially  closing  the  fistula.  The  most  pernicious  resulfji, 
on  the  contrary,  ^i%GVi  A 'perforatio^is  into  the  caviiy  of  the  peri' 
ioneum.  For,  however  minute  the  aperture,  if  only  tho 
smallest  quantity  of  fluid  chyme  escapes  into  the  peritoneal 
cavity,  aseptic  or  purulent,  and  at  any  rate  fatal,  peritonitis  will 
inevitably  result.  Between  these  two  extremes  are  the  caae« 
of  abnormal  communications  between  the  stomach  and  other 
cavities.  Thus  I  have  already  (vol.  iii,p.  853)  described  the 
groat  dangers  which  arise — not,  it  is  true,  to  life,  but  tu  gaatrio 
digestion — from  communications  between  the  large  biIe-duot« 
and  the  stomach.  On  the  other  hand,  if  a  ga»tric  ulcer  opens 
into  the  lower  horiKontal  portion  of  the  duodenum,  as  in  one 
case  observed  by  me,  this  is  a  comparatively  harml'  :it  i 

vince  it  can  make  very  littlo  difference  whether  h  .  *\l 

the  chyme  reaches  the  first  part  of  the  intestine  by  a  byway 
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or  by  the  prescribed  path.  More  iraporfcant  intrinsically,  as 
well  ft»  from  their  greater  frequency,  are  abnormal  communi- 
catioQB  between  the  stomach  and  the  colon  tranRversum.  For 
if  the  aperture  is  fairly  capacious — and  openings  of  3,  4, 
OP  more  cm.  have  repeatedly  been  observed — the  chyme 
toast  pass  in  considerable  quantities  from  the  stomach  into 
the  largo  intestine^  and  in  this  way  be  practically  lost  to  the 
orgaoiim.  The  fiecoswill  then  contain  completely  undigested 
pteoM  of  flebh  and  bread,  e^peciaHy  if  the  large  intestine  be 
exoited  to  Tigorous  peristaltic  contraction  by  the  highly  acid 
chyme.  That  such  anubnormiil  communication  between  the 
•tomiioh  atid  the  colon  must  under  these  circumstances  prove 
ft  serious  aggravation  of  the  original  disease,  which,  moreover, 
is  in  most  cases  cancerous  in  its  nature^  need  not  be  specially 
dwelt  on. 


Before  concluding  our  discuasion  of  the  pathology  of  gas- 
tric digestion,  it  will  be  well  to  devote  a  few  words  to  a  point 
which  haa  excited  considerable  interest  among  physiologists, 
'  ■  question  of  th^'  self-dig efttton  of  the  stomach.  The 
^■:-t  has  mainly  occupied  himself  with  an  attempt  to 
discover  why  it  is  that  the  organ  does  not  dnring  digestion 
di'j  '^ ;  and  you  are  doubtless  aware  that  the  alkalinity 

oi  '  I    ouft  membrane,  kept  up  by  the  circulating  blood,  is 

acknowledged  to  be  the  sole  factor  to  which  the  stomach  owes 
its  integrity.  The  correctness  of  this  view  is  proved,  in  the 
first  place,  by  the  promptness  with  which  self-digestion  seta 
in  on  the  c<^8sation  of  the  circulation  after  death,  if  an  effi- 
cient gastric  juice  happens  to  be  present  in  the  organ,  and 
if  no  special  circumstance,  such  as  rapid  cooling  of  the  body, 
interferes  with  the  action  of  the  juice.  The  product  of  this 
B<'''  ''  iitn  is  the  softenintj  of  the  stomach  which  was  for- 
nii-i  ^^ubject  of  much  discussion,  but  which,  since  the 

appearance  of  Elsaascr's^^  celebrated  monograph,  is  generally 
admitted  to  be  always  a  cadaveric  change.  The  case  of 
Lenbe,t  recently  brought  forward  as  proof  of  the  vital  origin 
of  gastromalacia,  only  proves,  in  my  opinion,  that  a  rupture 
of  the  organ  had  occurred  intra  vihim,  and  not  that  self- 

*  Els&Mter,  '  Die  M&geDerweicban^  der  i^nuglinge/  1846. 
t  W.  AUyer,  *  U.  A.  £.  klin.  Med.,*  ix,  j>.  105. 
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digestion  bnd  preceded  death.  Pathology  also  supplies  ne 
with  a  number  of  facts  which  are  calculated  to  place  iu  » 
proper  light  the  importance  of  a  regular  circulation  as  the 
BolCj  and  at  the  same  time  perfectly  certain,  means  of  protec- 
tion against  the  digestive  action  of  the  gastric  juice.  When, 
as  the  result  of  corrosion  or  some  other  form  of  injury,  or 
owing  to  ulceration,  a  portion  of  the  stomach  is  deprived  not 
merely  of  its  epithelium^  but  of  the  whole  depth  of  the  mucosa 
as  well,  the  naked  submucosa  (or  muscularis)  does  not  become 
digested,  provided  a  regular  blood-stream  circulates  through 
it.  On  the  other  baud,  the  moment  the  circulation  of  any  port 
of  the  surface  is  interrupted,  self-digestion  at  once  commences, 
and  spreads  superficially  and  deeply  as  far  as  the  standstill  of 
the  blood  prevails.  Thus  every  haemorrhage  into  the  tissuos 
of  the  mucous  membrane  gives  rise  to  a  defect,  an  erosionm 
And  since  minute  ecchymoses  can  make  their  appearance  in 
the  gastric  mucous  membrauo  in  the  great-cst  variety  of  oir* 
cumstances,  the  extreme  frequency  of  so-called  haiuorrhagie 
eroaiona  of  tho  stomach  will  not  appear  remarkable.  That 
tumours  which  have  grown  into  the  cavity  of  the  organ  escape 
digestion  also  depends  solely  on  their  vaBcularisaiion.  But 
since  the  distribution  of  the  vessels  in  tumours  is  always 
atypical,  so  that,  e,  g,,  tho  new-formation  of  vessels  in  a  car* 
cinoma  does  not  everywhere  keep  pace  with  the  growth  of 
its  epithelium  ;  and  since,  moreover,  all  kinds  of  local  cir* 
cnlatory  disturbance,  bleeding,  Emrcmia,  thrombosis,  &c.,  aro 
of  very  common  occurrence  precisely  in  tumours,  new  growtha 
of  the  stomach  are  very  liable  to  nndorgo  partial  digestion. 
In  no  part  of  the  body,  iu  fact,  do  cancerous  tumonra  oloo- 
rate  more  regularly  or  earlier  than  in  this  organ. 

It  is  certainly  to  digestion  by  the  gastric  juice  that  tbo 
"  clean  ''  base,  usual  in  ulcers  of  the  stomach,  is  due.  Such 
ulcers  arc  free  from  any  covering  of  pus  or  scab,  and  are  not 
coated  by  disintegrated,  coagulated,  or  otherwise  necrotio 
material.  Ulcerated  cancers  also,  as  a  rule,  have  a  cloan, 
smooth  base,  provided  the  macoua  membrane  which  is  not 
involved  in  the  cancer  performs  its  functions  regularly ;  and 
when  the  tumour  has  a  f'  -  '  irod  and  ragged  surface,  thi* 
is  invariably  a  aign  of  >  ncy  of  the  stomach,  usually 

depondent  on  chronic  catarrh.     Thoole^inucsi^  of  tho  b«ae  of 
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•called  uleua  simplex  doos  not,  theroforo,  point  to  any  con* 
fa&ion  with  regard  to  its  causes  and  mode  of  development ; 
neither  does  the  circumstance  that  no  similar  lesion  is  met 
with  except  in  the  upper  part  of  the  duodenum ;  for  the  in- 
flaence  of  the  gastric  jnico  extends  no  further,  being  neutral- 
ised and  precipitated,  in  short,  rendered  inactive,  by  the 
digestive  fluids  poured  out  into  that  intestine.  The  peculiar 
steep,  conical  shape  of  the  ulcus  simplex,  corresponding  as 
it  does  with  the  ramifications  of  the  small  arteries,  might 
rather  indicate  that  some  pathological  process  in  these  vessels 
di  ^  -  the  development  of  the  ulcer.      But  what  form  of 

ciJ '  J   disturbance  could   produce  such    results  f     The 

bypothesis  of  a  local  iscba?mia  due  to  spastic  contraction  of 
the  arteries,  which  Klebs'*^  regards  as  the  starting-point  of  the 
nloers,  will  hardly  commend  itself  to  you,  bearing  in  mind 
the  postulated  duration  of  the  arterial  spasm.  Vircbowf 
inclines  to  the  view  that  diseases  and  nutritive  derange- 
ments of  the  vessel  walls — aneurysmal  or  varicose  dilatations, 
and  especially  obliteration  and  plugging — are  the  determin* 
ing  causes ;  and  he  specially  emphasises  the  fact  that  the 
farourito  seats  of  the  corroding  ulcer  are  the  places  of 
entr&DOe  into  the  stomach-wall  of  the  branches  of  the  coro- 
luuy,  gastro-epiploic,  and  short  gastric  arteries.  Lastly,  it 
has  been  claimed^  that  impediments  to  the  escape  of  venous 
blood  are  the  causal  factors.  Tet,  however  plausible  these 
theories  may  appear  at  the  first  glance,  and  though  Virohow's 
riew  more  especially  has  met  with  pretty  general  acceptance, 
they  are  not,  I  am  convinced,  sufficient  to  fully  elucidate 
the  history  of  ulcus  simplox  ventriculi.  And  first  of  all, 
they  arc  not  borne  out  by  pathologico-uuatomical  experience. 
Round  ulcer  of  the  stomach  ia  distinctly  a  disease  of  eurly 
life,  of  that  period  which  enjoys  a  marked  immunity  from 
diseases  of  the  arteries ;  and  only  quite  exceptioually  have 
the  TesBols  been  found  to  be  atheromatous  in  a  stomach  con* 
tatuing  one  or  more  simple  ulcers.  Again,  the  absence  of 
dtseaae  of  the  left  cardiac  valves,  &c.,  in  the  vast  majority 

»  Klebit, '  Ilflndb.  d.  patbol.  Aaat./  p.  185. 
f  Vircliow.  hi*  *  A,/  t,  p.  362. 

J  Uiinsburg.  *  X.  f.  pliysiol.  Ucilkd./  jci.p.  SJi  ;  A.  Koy.  'Ilygein/  1870, 
p*  961.  reC  in  *  Virchow-Uinch'fl  Jahresber.,'  ?i  1870,  iii  p.  155. 
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of  sncb  oases  exolades  every  suspicioa  of  eiDboIism  of  a  gastrio 
brancb  artery.  The  same  thing  applies  to  mechanical  hyper- 
a3mia;  for  while  every  experienced  pathologist  will  now  and 
then  have  met  with  cases  in  which  the  autopsy  rerealed 
cirrhosis  of  the  liver^  together  with  one  ormoreunmicitakahle 
round  ulcers  of  the  stomach,  it  much  more  frequently  happens 
that  no  ulceration  of  the  stomach  is  found  in  cirrhosis  of  the 
liver,  and  that  when  ulceration  is  present  it  is  not  associated 
with  obstmctiou  of  the  portal  circulation.  Still  these  objeo 
tions  are  not  sufficient  to  overthrow  the  views  to  which  they 
are  opposed.  For  example,  a  local  thrombosis  of  the  arteries 
might  have  occurred,  and  yet  elude  observation,  simply  be- 
canse  it  extended  no  further  than  the  ulcer;  or  temporary 
mechanical  hyperaemia,  occasioned  perhaps,  as  Key*  thinks, 
by  abnormal  contractions  of  the  gastric  musculature,  might 
have  given  rise  first  to  hamorrhage,  and  then  to  the  forma- 
tion of  ulcers.  I  therefore  attach  more  importance  t-o  experi* 
ment.  It  is  true,  for  obvious  reasons,  that  neither  the 
ligature  of  single  arteries  of  the  stomach  nor  the  occlusion 
of  single  veins  will  give  rise  to  standstill  of  the  circulation  ; 
and  there  will  consequently  be  no  self-digestion,  and  no  defects 
as  the  result  of  such  procedures,  Bnt  the  same  object  may 
easily  bo  attained  in  another  way.  Panumf  long  ago  suc- 
ceeded in  producing  small  multiple  hsemorrhagic  infarcts 
and  ulcera  of  the  stomach  in  dogs,  by  injecting  an  emulsion 
of  wax  through  a  long  catheter  introduced  into  the  central 
end  of  the  femoral  artery;  still  his  animals  died,  owing  to 
the  great  nnmber  and  wide  distribution  of  the  emboli,  and 
as  death  occurred  mostly  within  twenty-four  hours  after  tho 
injection,  the  time  was  not  sufficient  to  allow  of  any  con- 
clusion as  to  the  fate  of  the  ulcers  so  produced.  Some 
years  ago  I  adopted  a  modification  of  this  experiment:  the 
stomach  was  exposed,  and  theiujectioUf  consistiugof  chromata 
of  lead  in  suspension,  was  thrown  directly  into  one  of  tbo 
gaatric  branches  of  the  splenic  artery,  instead  of  into  the 
femoral  and  aorta.  By  inserting  the  cannula  pretty  deeply, 
I  could  generally  succeed  in  completely  occluding  tho 
branches  entering  the  8ubmtico»a  luid  mucosa,  the  tnu«cular 

•  A.  Key,  *  Hygeia,'  1870,  p.  a<Si. 
t  Pfennm, '  Vimh.  A./  sxv,  p.  4dS. 
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I  twigs  remaining  almost  free.  Tha  result  was  that  all  tfae 
animals  which  died  or  were  killed  on  the  next  and  following 
daja  presented  large  ulcere  with  j^recipitoita  walls  and  per* 
fiieUy  clean  bases,  as  a  rule  of  long  elliptical  form ;  more- 
the  detection  of  the  chroinatc  in  the  larger  branches 
ling  to  the  ulcers  was  extremely  easy.  In  the  animals 
l-wliich  lived  till  the  end  of  the  second  week,  instead  of  one 
leer,  several  small  defects  were  usually  found  ;  and 
le  termination  of  the  third  week  I  invariably  saw, 
not  an  nicer,  but  a  perfectltj  smooth  undamaged  mucous  viem^ 
hrane,  while  the  ligature  and  the  presence  of  chromato  of 
lead  in  a  few  arterial  branches  allowed  no  doubt  as  to  the 
locality  of  the  previous  occlusion  :  in  shorty  the  ulcer  had 
completely  heuled.  Corresponding  results  have  been  obtained 
by  myself  and  by  several  other  ostperimenters*  after  injuring 
the  stomach  by  corrosion,  burning,  bruising,  or  wounding : 
all  losses  of  substance  so  produced  healed,  during  the  course 
of  a  few  weeks,  when  the  dogs  or  rabbits  remained  alive. 
[In  human  beings,  also,  several  cases  are  on  record  where 
the  mucous  membrane  has  been  caught  and  torn  away  by  a 
sound  iutrDtlucod  into  the  stomach,  and  where,  nevertheless, 
tbo  membrane  was  discovered  at  tbe  post-mortem  to  be  per- 
fectly smooth  and  intact.t 

Ton  now  perceive  the  real  difficulty  in  understanding  the 
imple  nicer  of  the  stomach.  It  is  not  so  much  its  mode  of 
in  that  requires  explanation  as  the  circumstance  that  it 
illy  no  ohnf.inately  refuses  to  htal.  Not  that  an  ulcus  sim- 
plex cannot  heal.  The  sufferings  occasioned  by  snch  an  ulcer 
finnlly  disuppeur  in  many  cases,  and  the  pathological  ana- 
tomist almost  daily  meets  with  cicatrices  of  the  stomach  which 
ire  nothing  bat  the  remains  of  a  healed  ulcus  rotundum. 
But  if  these  ulcers  can  heal,  why,  we  may  fairly  ask  ourselves, 
do  months  aud  years  elapse,  as  a  rule,  without  the  occurrence 
\0f  healing  ?  It  must  honestly  be  confessed  that  our  know- 
Igoof  ulcus  simplex  is  very  fragmentary.     We  are  ignorant 

♦  Quincke.  'CorrcBpondenxbL  il.  Schweizer  Aerzte,'  1875,  No.  4;  *Mit- 

tb*nv&g>*n  dM  VcreiuD  Si^chlmwig-JIoUteiiier  Aerzte,'  Ileft  9,  Ko.  3.    W. 

'KAfto»  *  Beitmg  k.  Lehro  vom  mnd.  Mngf^ngosehw.,'  Inaug.. Dissert.,  Sinus- 

burg,  1S75. 

t  W,  L«uU?,  •  D.  A.  f.  Win.  Med.,'  xviii,  p.  496;  cf.  abw  H&nSscb,  ibid., 
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whether  ifc  originates  rapidly  or  gradually,  and  while  it  is  cer- 
tain that  it  may  grow  larger  and  more  especially  deeper,  and 
is  jnstly  termed  corroding  or  perforating,  we  do  not  know 
whether  its  growth  takes  place  slowly  and  continaoosly,  or 
only  at  intervals.  One  thing  is  proved  by  innnmerable  clinical 
observations — that  the  malady  is  an  exquisitely  chronic  one. 
And  if  this  fact  be  taken  in  conjnnction  with  the  experimental 
results  jiiet  described,  you  will  readily  admit  that  the  theories 
which  seek  the  origiu  of  the  round  nicer  of  the  stomach  in 
certain  circulatory  disturbances  do  not  fully  meet  the  case. 
In  the  stomach  of  such  patients  there  must  be  present  in 
addition  an  unknown  something  which  prevents  the  healing  of 
the  ulcer.  But  whether,  as  has  more  than  once  been  suggested, 
this  something  consists  in  an  abnormal  acidity  of  the  gastric 
juice,  we  have  as  yet  no  positive  investigations  to  show. 
Quincke*  is  besides  of  opinion  that  a  general  anaamia  may  act 
in  this  direction,  t 

^  Quincke,  *  Correspondenzbl.  d.  Schweizer  Aerzte,'  1875,  No.  4  ;  Ac 
t  On  the  Bubject  of  this  chapter  conenlt,  in  addition  to  the  handbooks 
mentioned  in  foot-note,  vol.  iii,  p.  844,  Beaumont, '  Experiments  and  Observa- 
tions on  the  Gastric  Juice  and  the  Physiology  of  Digestion/  1874 ;  Frerichs, 
in  B.  Wagner's  '  Handb.,'  Bd. iii,  I,  art "  YeTdannng/'  1846  ;  Suhiff,  'Le9ons 
sur  la  Physiologie  de  la  Digestion,'  1865 ;  F.  W.  Pavy, '  A  Treatise  on  the 
Function  of  Digestion  ;  its  Disorders  and  their  Treatment,'  1869. 
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Whbn  the  food-pulp  has  passed  the  pylorus,  it  is  at  once 
exposed  to  the  action  of  a  number  of  new  digestive  juiceSi 
Bome  of  which  are  produced  by  the  intestine  itself,  while  others, 
secreted  by  glauds  lying  ontside  the  gut — the  liver  aud  pan- 
creas— are  poured  into  its  lumen.  As  the  secretions  of  these 
glauds  becouti  mixed  with  the  chyme  in  the  first  portion  of 
the  intestine,  or  duodenum,  we  may  suitably  commence  the 
pathology  of  intestinal  digestion  by  considering  tliemi  and 
Bhall  take  first  the  liver,  with  its  secretion,  the  hih.. 

A  real  pathology  of  the  liver,  a  discuasion,  that  is,  of  the 
manner  in  which  the  organ  performs  its  functions  under 
abnormal  conditions,  is  still,  indeed,  a  desideratum,  for  the 
simple  reason  that  the  physiology  of  the  liver  has  not  yet  been 
sufficiently  worked  out.  Of  what  service  would  it  be  to 
enumerate  all  the  functions  and  derangements  of  function 
which  have  been  ascribed  by  the  pathologists  of  former  cen- 
turies to  this  their  favourite  organ  1*  The  little  positive  know- 
ledge we  have  of  the  role  entrusted  lo  the  liver  in  the  economy 
of  the  organism  does  not,  in  ray  opinion,  admit  of  oor  draw- 
ing far-reaching  conclusions  as  to  its  pathology.  So  far  as 
1  see,  the  following  are  the  points  which  chiefly  concern  ub. 
In  the  first  place,  tho  relationship  of  ike  liver  lo  the  circulation 
is  quite  peculiar,  and  differs  from  that  of  every  other  orgnii; 
inasmuch  as  while  they  are  only  supplied  by  one  or  several 
branches  from  the  aortic  system,  it  receives  by  far  the  greater 
part  of  its  blood  from  the  portal  vein.  The  consequence  of 
this  is  that  every  kind  of  circulatory  disturbance  i»f  the  livi-r 
must  react  very  readily  ond  markedly  on  tho  blood-stream  in 
the  vnnous  tributaries  which  by  their  union  form  tho  ven» 
portse,  the  veius,  i.e.,  of  tho  spleen,  pancreas,  stomach,  and 
entire  intestinal  canal,  except  tho  rectum.  It  is  more  parti- 
cularly the  increase  of  renuitance  in  the  area  of  the  portal 
and  its  branches  that,  if  marked  and  unooinpensatod  by  a 
collateral  circulation,  invariably  loads  to  engorgement  of  the 
vessels  of  the  organs  just  named,  with  its  attdindant  oonfto- 
quences.  But  although  those  Htagnations  form  a  constant 
and  highly  important  feature  in  the  clinical  picture  of  hepatic 
cirrhosis,  pylethrombosis,  and  tumours  situated  in  i^  -r--\^ 
bonrhood  of  the  portal  fissure,  wo  shall  not  now  d  \i 

thom,  sinoo  wo  have  already  dealt  with  the  relatioas  inroivedi 
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Aeoites  as  the  result  of  stagnation  is  to  you  a  familiar  pheno- 
menon ;  and  when,  in  any  of  the  foregoing  diseases,  the  venous 
tribataries  of  the  portal  are  tensely  filled  and  distended,  while 
the  implicated  organs  are  the  subjects  of  marked  mechanical 
hypenwmia,  and  namerons  capillary,  or  even  larger,  hasmor- 
rhages  take  place  into  and  from  tbo  mucous  membrane  of  the 
alimentary  canal,  all  these  effects  are  in  entire  conformity 
with  the  results  which  you  know  attend  mechanical  hyper- 
lemia.  On  the  other  hand,  you  will  remember  that  it  was  the 
Tona  portaa  I  selected  with  a  view  to  demonstrate  what  im* 
port&Dt  consequences  may  result  from  the  accumulation  of  the 
blood  in  a  venous  territory  to  the  circulation  beyond  tho 
obstruotioDy  and  in  this  instance,  indeed,  to  the  entire  circu- 
lation of  tho  body.  Cfjmpletc  and  sudden  occlusion  of  the 
portal  vein  causes  dtraih  in  rabbits,  and  in  dogs  gives  rise  at 
least  to  a  considerable  fall  of  arterial  pressure.  And  when, 
as uHually  happens  in  human  pathology,  the  occlusion  is  gradual 
in  its  development,  it  will  be  the  completeness  or  incomplete- 
ness of  the  collateral  compensation  that  will  determine  whether 
or  not  the  signs  of  stagnation  in  the  portal  area  will  be  accom- 
panied by  a  general  lowering  of  arterial  pressure. 

As  regards  the  velocity  of  the  blood-stream,  also,  the  peou- 
liar  fascolarisation  of  the  liver  is  not  without  its  special  in- 
dnenoe.  The  blood  flows  thi'ougb  the  intra-lobular  capillaries 
more  slowly  than  in  any  other  organ ;  even  the  medalla  of 
bone  cannot  compare  in  this  resj)ect  with  the  liver.  One 
rcjfult  of  this  is  the  liability  of  minute  corpuscular  substances 
which  have  entered  the  circulation  to  become  arrested  in  this 
organ.  Thus,  on  injecting  cinnabar  into  the  vessels  of  a  frog 
or  rabbit,  tho  granules  are  found  in  quantity  in  the  liver, 
Ivng  after  they  have  completely  disappeared  from  the  blood. 
In  the  same  way  a  number  of  pathological  experiences  may 
tkUo  be  explained.  Whether,  indeed,  the  accumulation  of 
pigment  in  tho  liver  in  mtiinnmmia  is  solely  determined  by  tho 
retardation  of  the  Sow,  is,  as  already  stated  (vol.  ii,  p.  696}, 
fitill  a  matter  of  dispute ;  but  the  extraordinary  frequency 
with  which  the  liver  is  attacked  by  metaBtatic  procei/ses  oi  the 
most  various  kinds  undoubtedly  depends  on  the  slowness  of 
the  hepatic  circulation.  This  is  true  both  of  the  malignant 
tamour-motastases  and  of  the  infective  tumours.      Whatever 
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may  be  the  sitaation  of  a  primary  carcinoma,  you  mtiBt  always 
be  prepared  to  meet  with  metastases  in  the  liver;  while  for 
many  sarcomcks,  c.  g,  the  vielanotic,  this  organ  is  the  classical 
Beat  of  tho  metastatic  growths.  Moreover^  the  extreme  fre- 
quency of  miliary  tubercles  in  the  liver  is  known  to  everyone 
who  takes  the  trouble  to  carefully  examine  the  organ  in  all 
tubercular  cases,  including  phthisis.  This  preference  for  the 
liver  is  also  evinced  by  the  infective  processes,  in  the  strict 
sense  of  the  term.  Thus,  the  production  of  hepatic  ah^cestf  is 
by  no  means  exclusively  conGned  to  those  pyaeuiic  processes 
which  have  their  starting-point  in  the  territory  of  the  portal 
tributaries  :  in  tho  bodies  of  persons  who  have  died  of  small- 
pox, the  diphtheroid  foci  (cf.  vol.  ii,  p.  600),  so  termed  by 
Weigert,  are  only  exceptionally  absent  from  this  organ  in 
particular.  In  fact,  whenever  a  post-mortem  appearance 
loads  you  to  suspect  that  you  arc  dealing  with  a  bacterial 
affection,  it  should  be  your  invariable  rule  to  examine  tho 
liver  for  the  presence  of  colonies  of  bacteria.  But  it  is  not 
only  corpuscular  materials  that  are^  ho  to  speak,  caught  up  by 
the  hepatic  circulation ;  this  gland  also  serves  as  perhaps 
the  most  ample  reservoir  or  storehouse  for  all  kinds  of  die* 
solved  aubatances.  It  is  an  old  rule  in  cases  uf  poisoning  to 
examine  more  particularly  the  liver  for  tho  poison  whose  pre- 
sence is  suspected  ;  and  as  for  matters  which  are  regularly 
introduced  into  the  organism  or  produced  within  it,  I  have 
already  stated  that  the  liver  is  one  of  the  physiological  de])6ts 
for  fat,  and  shall  soon  have  to  report  the  same  of  ghjcogen. 
I  also  indicated  on  that  occasion  (vol.  ii,  p.  666)  the  special 
qualifications  of  the  liver  as  a  depository  for  these  materials, 
namely,  the  shnvtietfs  vf  ittt  hlood-strcnmy  just  referred  to,  and 
the  poverty  of  if*  blood  in  oxygen,  owing  to  the  fact  that, 
being  supplied  by  veins,  it  has  a  markedly  venous  character. 
We  have  not  the  same  secure  foundation  to  go  upon  whon 
following  the  relations  of  the  liver  to  tho  conHituiiofi  of  the 
blood.  The  inclination  to  attribute  to  this  organ  a  share  in 
blood-produotion  is  widely  prevalent  amongst  writers ;  and 
it  is  probably  owing  to  this  that  Lehmann'a  old  analyses 
of  the  blood  of  the  portal  and  hepatic  veins  still  And  a  place 
in  the  text-books,  although  a  number  of  more  rocont  re* 
Buarches,  and  above  all  the  very  remarkablo  invMtigation  of 
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Flnggo,**  havodoinonstratcd  the  complete  natonabilityof  Loh- 
m&nn's  position.  InduhUahle  proof  even  of  a  destruction  of 
red  corpuscles  in  tto  liver  lias  not  as  yet  been  afFordod,  though 
tbo  abundauoe  of  bile-pigment  leaving  the  organ  renders  it 
highly  probable.  Still  more  hypothetical,  or  mthor  purely 
a  matter  of  gueB8*workj  is  the  notion  already  referred  to 
(vol.  i,  p.  47 z)  of  a  possible  post-embryonic  now  formation  of 
red  or  of  colourless  blood-corpuscles  in  the  liver.  All  state- 
ments ^s  to  the  occurrence  of  BO-callcd  young  blood-cells,  as 
well  Its  to  the  relative  numerical  proportions  of  coloured  and 
colourless  elements  in  the  blood  of  the  hepatic  vein,  rest 
upon  methods  so  uncertain  as  not  to  be  available  for  scientific 
purposes.  And  since  Fliigge  has  shown  that  during  the 
maximal  stage  of  bile-formation  no  difference  whatever  can  be 
detected  even  iu  the  water-contents  of  the  blood  in  the  portal 
and  hepatic  veins,  who  could  any  longer  expect  that  informa- 
tion would  bo  afforded  as  to  the  haamapoietic  function  of  the 
liver  by  comparative  examinations  of  the  two  kinds  of  blood, 
sucb  Bs  were  carried  out  by  Lehmann  and  others  ?  So  long 
as  a  practic4ible  method  is  not  available^  we  must  continue 
groping  in  the  dark.  Pathological  experience,  also,  which 
BO  often  supplies  a  valuable  hint,  here  leaves  us  altogether 
in  the  lurch.  The  diseases  of  the  liver  occupy  a  position 
to  themselvea.  As  is  sufficiently  intelligible  from  the  fore- 
going discussion,  there  is  scarcely  another  organ  that  so  easily 
booomes  involved  in  all  kinds  of  morbid  processes.  But 
tLongh  pathological  conditions  of  the  liver  are  accordingly 
Twy  common,  it  is  impossible,  in  the  great  majority  of  cases, 
lo  »ay  that  the  original  disease  is  specially  aggravated  thereby. 
In  fact,  if  none  of  the  canal  systems  of  the  liver  be  impli- 
cated, the  most  extensive  and  profound  changes  may  run  their 
coone  in  the  orgun  without  a  single  symptom,  or  with  sym- 
ptofDS  which  are  quite  iudofinite  nnd  anything  but  grave. 
Of  conrsci  that  acute  necrosis  of  the  entire  liver,  sach  as 
regularly  ensues  on  the  complete  occlusion  of  the  hepatic 
artery  and  its  brancho8,t  will  not  bo  tolerated  by  the  organ- 
iam,  ia  not  surprising ;  bat  how  many  opportunities  offer  for 

*  Fliiglgc,  *  Zvit«clir.  f .  Biol./  liii*  p*  133*     Cf.  also  Hoidentiain*  in  ller* 
iaiiui*«  'Handb./  v.  1.  p.  341  f!. 
t  €blm]i«iai  nod  LJtt«n, '  Virch.  A..'  Ixrii,  p.  153. 
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observing  iLe  most  extrome  reduction  of  the  liepatic  substance^ 
without  a  single  indication,  either  daring  life  or  at  the  poet- 
mortem,  tLat  might  point  to  an  essential  alteration  or  ubuur' 
mality  in  the  constitution  of  the  blood  I  Maltiple  tnmonrs 
of  all  kinds,  as  well  as  echiuococcij  may  eetablish  thomsolrea 
iu  such  numbers  in  the  liver,  and  there  attain  such  a  sise, 
that  only  small  portions  of  the  proper  pareuohyma  remaiDy 
and  yet  perhaps  not  n  single  symptom  during  the  patient's 
lifo  had  ever  indicated  that  by  far  the  greater  part  of  tho 
liver  had  ceased  to  perform  its  functions,  llio  suEFcrings 
of  persons  labouring  nndor  hepatic  cirrhosis  result  rather 
fi'om  the  interference  with  the  portal  circulation,  already 
mentioned,  than  from  the  loss  of  the  parenchyma  of  the  orgatt, 
ulthougli  this  loss  may  bo  very  extromo.  Again,  though 
individuals  in  whom  an  extensive  amyloid  dcgeuoratiou  of 
tho  livor  has  taken  place  arc  cachectic  and  antemic,  and  not 
uncommonly  dropsical,  you  are  aware,  on  the  one  hand,  that 
amyloid  degeneration  ncverattacks  previously  healthy  persons; 
and,  on  the  other,  that  besides  the  liver  various  other  organs 
— tho  spleen,  kidneys,  intestines,  &c. — arc  invariably  involved 
in  the  degeneration.  Hence,  whether  the  cachexia  should 
be  referred  even  partially  to  the  liver  disease,  can  hardly 
be  made  out  in  such  cases.  But,  however  little  can  lie 
made  of  these  facts,  they  at  least  teach,  in  my  opinion,  that 
the  organism  has  means  at  ite  disposal,  by  which  the  eviU 
attending  even  a  considerable  loss  of  hepatic  substance  may, 
practically  speakiug,  be  perfectly  compensated. 

I  do  not  wish,  however,  to  make  tho  impression  that  dia- 
case  of  tho  liver  is,  as  a  rule,  of  slight  importance  to  tho 
organism.  We  have  not  yet  touched  npon  that  side  of  fcbo 
activity  of  the  organ  which  is  moat  intimately  conceruo«d  iu 
tho  process  of  digestion,  namely, /Ae;>ro(fu<'U'on  and  secretion 
vf  hite,  A  theory  of  bile-formation  is  far  from  possible  at 
present;  we  do  not  even  know  the  place  of  its  pn^duction 
with  absolute  certainty.  The  principal  argument  hitherto 
employed,  namely  the  impossibility  of  detecting  the  spocifio 
constituents  of  the  bile  in  the  blood  of  the  portal  vein,  liM 
been  completely  robbed  of  it«  force  by  tho  investigations  of 
Fliiggo ;  HO  that  all  that  we  can  bring  forward  iu  evidence  for 
regarding  tho  liver  as  the  plaoo  of  production  of  tho  biliary 
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Bobctoaoes  is  at  bottom  reducible  to  a  solitary  factj — that 
theee  sobstauces  are  not  normally  met  with,  except  in  the 
liver  and  in  parts  to  which  they  have  got  acooss  from  this 
orgmn.  But  thongh  iguoraut  of  the  conuectioa  of  events,  we 
an  fftmiliar  with  some  of  the  details  of  the  process  of  secre- 
tion. Thus,  it  has  been  determiued  by  experiments  on  ani- 
mals »nfl  by  observation  of  human  beings  with  biliary  fistulas, 
that  bile  is  formed  continuoushj,  though  in  quautities  which 
vary  cousiderably  at  different  times.  The  amoaut  of  the 
secretion  ia  chiefly  intlueucct]  by  the  tukiiig  of  food,  sinoe  in 
prolongod  fasting  it  is  reduced  to  a  minimum.  When  the  food 
canaiats  of  fat  alone  the  quantity  produced  is  very  small. 
Th«  Amount  is  increased  by  feeding  with  broad  and  still 
D»ore  by  a  diet  of  flesh.  The  most  abundant  secretion, 
according  to  all  observers,  is  produced  by  a  mixed  diet  of 
flosh  and  bread.  The  remarkable  variation  in  amount  of  the 
Mcretion  according  to  the  composition  of  tho  food,  eeems  to 
me  to  point  to  the  conclusion  that  the  qualittf  of  thti  portal 
hlaod  exerts  an  essential  determining  influence.  It  is  not  so 
mach,  or  at  least  not  exclusively,  the  augmented  blood-supply 
through  the  portal  vein  that  determines  tho  increase  of  the 
biliary  seorution.  That  tho  quantity  of  blood  present,  and 
the  preaimre,  in  the  hepatic  capillaries  does  exert  an  effect  on 
the  amount  of  the  secretion  is  proved  by  other  facta.  Dogs 
produce  less  bile  after  a  severe  Ions  of  blood,  and  the  secre- 
tioQ  is  scanty  in  antemic  individuals.  The  considerable  fall- 
ing off  in  the  production  of  bile  which  at  once  ensues  on 
ooolastOD  or  narrowing  of  the  trunk  of  the  portal  vein*  tells 
in  the  same  direction  ;  for  the  interlobular  veins  and  the 
onpillaries  then  draw  the  whole  of  their  blood  from  the  much 
Bmatlcr  hepatic  arteries.  If,  further,  the  secretion  is  reduced 
both  by  section  of  the  cervical  cord*  and  by  direct  or  reflex 
irritation  of  tho  spinal  marrow, t  this  is  simply  the  result  of 
the  fnll  of  pressure  in  the  hepatic  capillaries  which  must  be 
called  forth  by  each  of  these  procedures.  Lsstly,  if  the  opinion 
held  by  many  physicians  that  the  biliary  secretion  is  reduced 

•  A»p,  'Bot.  a.  nchn.  G«ellwh,  d.  Wiswusch.,'  Silzg.  July  26,  1873, 

P  470. 

t  Kndenhiun,   *  Stad.  d.  (diyaiol.  In<t.  za  BmUa.'  lift.  11.  ]>■  69,  ir, 
|t.  n6 1  J.  Munk,  *  Pflug.  A..'  viii,  p.  151. 
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in  non-compexisated  cardiac  lesions  be  correct^  tliis  would  also 
tell  for  the  prejudicial  influence  of  the  retardation  of  the 
blood-stream.  Nevertheless,  it  would  appear  from  the  con- 
stant secretion  of  bile  of  normal  composition,  even  when  the 
pressure  is  lowest  and  the  flow  through  the  capillaries  most 
retarded,  that  the  dependence  of  bile-production  on  the  blood- 
pressure  and  velocity  is  not  a  very  intimate  one.*  Moreover^ 
the  composition  of  the  bile  is  in  a  great  measure  independent 
of  alterations  in  the  constitution  of  the  blood.  True,  easily 
diffusible  substances,  when  they  have  accumulated  to  some 
extent  in  the  blood,  pass  over  into  the  bile ;  as,  for  example, 
urea  in  the  ursemic  ;t  sagar,  when  the  amount  contained  in. 
the  blood  is  considerable ;  dissolved  colouring  matters,  e.  g, 
carmine  and  sulphindigotate  of  sodium,  when  injected  into 
the  blood ;  some  of  the  metals,  e.  g,  copper  and  iodine  ;t  al* 
though  the  statements  made  by  many  older  writers  with  re- 
gard to  quinine,  ferrocyanide  of  potassium,  and  mercury,  &c., 
have  not  been  confirmed  by  recent  investigator8.4  Water* 
drinking,  according  to  Westphalen's  observations,  ||  has  no 
influence  on  the  amount  and  constitution  of  the  biliary  secre- 
tion, even  when  sufficient  is  taken  to  cause  doubling  of  the 
urine.  As  for  direct  injection  of  water  or  salt-solution,  very 
considerable  quantities  must  be  employed  before  a  more 
abundant  flow  of  watery  bile  is  produced ;  moderate  quan- 
tities, as  determined  by  neidenhain,ir  do  not  affect  the  secre- 
tion at  all.**  According  to  some  observations  of  Uffelmanntt 
on  a  patient  with  a  biliary  fistula,  the  setting  in  of  pyrexia 
appears  to   diminish   the   secretion  of  bile.     On  the  other 

*  Cf.  Spiro, '  A.,  f.  Physiolog./  i8So,  Snppl.,  p.  50,  «nd  aspeeislly  Heidan- 
hain's  very  fall  and  aocurate  aocount  in  Hdrmum'B  '  Hftndh.,*  r,  i.  p.  351* 

t  Bndd. '  Die  Erankhetten  dar  Leber,*  trans,  by  v.  Henoch,  1846,  p.  396. 

J  Hoeler,  •  Virch.  A.,'  xiii,  p.  29. 

§  Koeler,  ibid.;   Weetpbalen,  'D.  A  f.  Uin.  Hed.,  p.  $88;  Bichhont, 
'Neae  Charit^-Annalen,  ii,  1877,  p.  197. 

II  Westphalen. '  D.  A  f.  kUn.  Med./  p.  588. 

%  Heidenbain,  '  Stud.  d.  phyeioL  Inet  in.  Breslan,'  Hft  ii,  pu  <»9,  iv, 
p.  336. 

**  Cf .,  on  the  other  hazid,  Zawikki's  experimenta  on  rabbits  ('  KnJcaoer 
Woobenschr./  1877,  No.  xo)  referred  to  in  Hofmann-Scbwalbe't  *  Jahns* 
bericbt '  for  1877,  Abth.  iii,  p.  346. 
tt  Uffelmann, « D.  A.  f.  Uin.  Med./  xiv,  p.  338. 
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I,  we  know  nothiug  defiuitely  as  to  a  direct  nervous  in- 
►Dce  on  bilo-production.  Again,  the  many  statements  con- 
tained in  the  literature,  according  to  wliich  certain  medicines'*^ 
act  as  cholagogneSj  still  require  to  be  critically  examined ; 
and  at  any  rate  it  is  very  necessary  that  the  mode  of  action 
of  the  remedies  should  be  accurately  analysed.  With  regard 
to  the  secretory  parenchyma,  the  liver-cells,  it  is  self  evident 
that  triOMul  them  a  production  of  bile  is  impossible.  Hence 
general  necrosis  of  the  hepatic  cells,  or  the  disintegration  and 
disappeurauce  of  the  secretory  element^s  must  necessarily  put 
a  stop  to  secretion,  and  bring  about  what  Frerichs  has  termed, 
ackolia.  But  as  to  how  the  biliary  function  reacts  to  paWiaZ 
destniction  of  hepatic  tissue,  such  as  occurs  in  the  various 
forms  of  chronic  atrophy,  in  cirrhosis,  or  when  multiple 
tnmoura  or  other  focal  disease  is  present  in  the  organ,  we  can 
ftl  present  form  no  opinion,  because  we  know  nothing  of  the 
degree  of  functional  capacity  of  the  individual  hepatic  cells. 
Tou  will  perhaps  be  still  more  interested  in  the  question,  How 
does  the  secretion  behave  in  presence  of  pathological  condi- 
tions in  the  liver-cells?  The  inherent  difficulty  of  thievery 
jastiiiable  question  is  enhanced  by  the  fact  that  these  con- 
ditioDi  do  not  in  most  cases  involve  the  whole  of  the  cells. 
When,  for  example,  normal  bile  is  secreted  in  advanced  amy- 
loid degeneration  of  the  liver,  it  is  very  possibly  derived  from 
tlioae  cells  alone  which  have  remained  unaffected.  In  fatty 
UwTj  which  of  all  the  diseases  of  this  organ  is  most  prone  to 
Attack  all  the  cells  of  all  the  lobules,  no  departure  from  the 
normal  has  ever  been  detected  in  the  constitution  of  the  bile. 
Ab  to  the  amount  of  the  secretion  in  these  cases,  you  will 
hardly  expect  us  to  be  informed  ;  for  to  this  it  would  be 
neoosaary  not  merely  that  accident  should  supply  us  with  a 
Cftae  of  biliary  fistula  leading  from  the  diseased  liver,  but  that 
the  appetite  of  the  patient  and  all  his  digestive  processes  should 
be  normal,  that  his  nutrition  should  be  good,  and  that  he 
sliould  be  free  from  pyrexia ;  in  short,  a  multitude  of  condi- 
taona  would  require  to  be  met,  such  as  could  very  rarely  be 

•  Bodd«  he,  p.  35-    Cf.  id»o  Hoppe-Scyler, '  PhjBiolog.  Chemic,*  p.  386. 
Tlv-  I  worthy  Mid  conipreheiutvesiateuieiii  is  thai  of  W.  Kulherfoni. 

'  li  '  jvim..'  1878,  p.  945.  and  eopecially  *  Transact,  of  tbo  Buy.  Soc., 

EdisiWr)$li,'  xiix,  p.  1^. 
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found  in  individuals  with  marked  fatty  liver,  and  almost  never 
in  amyloid  degeneration  of  the  org'an. 

What  I  have  been  able  to  tell  you  of  the  pathology  of  the 
biliary  secretion  does  not^  you  see^  amount  to  mnch.     If  we 
leave  ontof  account  the  mixture  of  varioossolnblp  substancee 
with  the  bile,  already  referred  to,  we  know  hardly  auythin^ 
of  its  chemical  constitution  in  morbid  conditions,  that  might 
not  almost  be  included  with  more  physiological  variations  in 
concentration,  relative  contents  of  the  bile-acidsj  and  of  the 
varioas  pigments,  &c.*     As  regards  its  amount,  however,  I 
desire  to  state  emphatically  that  we  are  acquainted  with  no 
facts  which  would  justify  the  idea  familiar  to  the  old  physi- 
cians of  A  j>Q,ih6\og\ca}  "  polycholia"     The  quantity  of  bile 
produced  in  twenty-four  hours  varies  much,  according  to  the 
individual's  diet,  the  size  of  his  body,  and  aliove  all  the  wie 
of  his  liver  ;  so  much  so  that,  as  you  are  aware,  the  amount 
of  the  secretion  is  always  calculated  by  the  physiologist  for* 
liver  weighing  onekilogram.   Accordingly,  there  is  nudoubl,of 
coarse,  that  persons  with  very  large,  or,  as  they  may  bo  called, 
hypertruphxc  livers  produce  a  more  thau  average  amount  of 
bile.      But  such  livers  are  found  only  in  big»  strong,  well- 
nourished  people,  who  are  in  the  habit  of  eating  large  quan- 
tities of  food,  and  whether  the  bile  secreted  by  these  indi- 
viduals is  really  in  excess  of  the  amount  required  and  em* 
ployed  in  digestion  is  very  far  from  proved  ;   only  when  ex- 
cessive, however,  would  it  be  correct  to  speak  of  a  pathological 
polycholia.     While,  then,  there  is  no  scientifio  basis  for  ihe 
symptoms  ascnbed  to  the  alleged  polycholia,  the  evidence 
for  the  occurrence  of  severe  symptoms  in  its  opposite  extreme, 
acholia,  is  very  little  better.      I  am  not  inclined  to  deny,  yon 
are  aware,  that  thero  may  bo  a  falling  off  or  a  cessation  of 
bile-production  under  pathological  conditions,  nor  do  I  dis- 
pute that  digestion  will  bo  impaired  by  certain  evils,  shoKly 
to  be  discussed,  which  are  occasioned  by  the  of  bilo 

from  the  intestine.     But  acholia  is  chiefly  ii.....  .ug,  not 

from  the  digestive  disturbances  occasioned  by  it,  bnt  from  Ihe 
possibility  that  BUppreusion  of  the  biliary  secri'tiun  may  bu 
per  6P.  of  essential  importance  for  the  organism.  Older  writ^jra 
regarded  this  as  aelf -evident,  and  consequently  Bpoke  of  ft 
•  Sokuloff.  •  Pflutf,  A/  xii,  p.  54. 
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^ial  form  oljaitndice  due  to  suppreemon.  Frerichs*  has  re- 
cently reconstrncted  his  view  of  the  clinical  picture  of  acholia; 
it  is  not  tbe  retention  of  the  fully  formed  biliary  constituents 
In  the  blood,  bnt  of  materiale  destined  to  contn'bute  to  this 
■ecretiou,  that  is  ifgarded  by  him  as  one  of  the  factors  to 
which  are  attributable'  tbe  signs  of  profound  blood-intoxica- 
tiou,  aod  especially  the  severe  disturbances  of  the  nervous 
BJttem,  occurring  in  acuto  hepatic  atrophy  and  other  pro- 
MBs6t  leading  to  deBtruction  of  the  parenchyma  of  the  liver. 
A  precise  reply  to  the  questions  raised  by  this  theory  is  not 
in  my  opinion  at  present  feasible,  having  regard  to  our  ignor- 
ttnco  of  the  connection  of  events  in  tbe  secretion  of  bile. 
Still  icterus  by  suppression  has  not  been  able  to  hold  its  ground 
nince  the  clinical  material  waB  subjected  to  a  more  accurate 
anatomical  and  physiological  analysis;  andasforacute  atrophy 
of  the  liver^  Frerichsf  himself  lays  stress  on  the  fact  that, 
by  the  destruction  of  the  hepatic  cells,  not  only  is  the  biliary 
secretion  but  "  every  other  action,  which  this  powerful  organ 
exertK  on  the  metabolic  processes^  suspended,  while  the  pro- 
ducts of  the  disintegration  of  the  glandular  substance  pass 
over  into  the  blood."  Hence,  if  in  the  diseases  now  under 
diicusaion^  the  liver  really  forms  the  starting-point  and  centre 
of  iho  entire  process,  no  satisfactory  oonclusion,  it  is  evident, 
can  bo  drawn  t  herefrom  as  to  the  consequences  of  an  abeyance 
of  the  biliar}'  secretion,  or  acbolia.  But  if  you  bear  in  mind 
what  1  formerly  told  you  of  the  comparative  unimportonce  of 
Tery  extensivechronic atrophies  and  degenerations  of  theliver, 
you  may  consider  the  view  that  acute  hepatic  atrophy  is  not  a 
primary  disease  of  the  liver  as  at  any  rate  open  to  discussion. 

As  compared  with  our  knowledge  of  bile-formation,  we 
are  well  acquainted  with  the  mechanism  of  Us  ducharge. 
When  dealing  with  the  saliva  and  gastric  juice,  there  was 
no  need  to  distinguish  between  the  two  acts  of  secretion  and 
discharge ;  but  this  is  decidedly  necessary  in  conflidering 
the  bile.  Saliva  and  gastric  juice  are  not  constantly  pro- 
duced, bnt  only  under  the  inUuence  of  particular  stimuli,  and 
the  6uids  are  at  once  poured  oat  into  the  mouth  and  stomach 
respectively.     The  secretion  of  bile,  though  it  varies  gfreatly, 

*  Frvriolifi, '  Kltnik  <i.  Leberlumnkheiten/  J  Aafl.,  i.  p.  303. 
t  Frvnch»«  he.,  p.  24a 
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is  continuouSf  and  is  no  less  coDtinaously  forced  onw&rds 
through  the  bile-ducts  by  the  pressure  of  the  fluid  behind 
it,  t.  e.  under  the  presHure  of  secretion,  aided  slightly  by  the 
tnovements  of  respiratiou.  Bat  its  discharge  into  the  iote»* 
tinal  canal  is  very  far  from  coutinDOuSf  and  takes  place  at 
certain  periods  and  in  quaiititieg  at  a  time.  This  is  rendered 
possible,  as  you  know,  by  the  presence  of  a  reservoir,  which 
in  all  animals  is  provided,  in  some  measure  at  least,  by  the 
roomy  large  bih-ductn,  and  in  man  and  many  species  by  aii 
additional  organ,  the  galUhladder,  specially  adapted  to  this 
purpose.  lu  this  bladder,  the  bile  g]'adaally  accumulates 
during  fasting,  and  usually  fills  it  to  distension  at  the  com* 
mencement  of  the  next  meal.  The  discharge  of  the  biJe 
from  the  reservoirs  containing  it  occurs  at  once,  when 
intestinal  digestion  begins,  by  means  of  the  contractions  of 
their  muscular  walls.  The  contractions  are  initiated  partly 
by  simple  extension  of  the  peristaltic  movements  of  the  dao- 
denum  to  the  bile-ducts,  but  mainly  by  a  reflex  which  is 
excited  by  the  contact  of  the  acid  chyme  with  the  papilla  of 
the  ductus  choledochus.  Thus,  a  large  quantity  of  bile  is 
at  once  poured  out  over  the  chyme,  and  so  long  as  the  con- 
tents of  the  stomach  continue  to  enter  the  duodenum,  they 
become  mingled  with  the  bile,  which  is  now  secreted  in  pro* 
fusion  and  continually  discharged.  The  evacaation  of  bile 
only  ceases  when  the  duodenum  is  perfectly  empty,  bot  from 
this  time  till  the  next  meal,  not  a  drop  enters  the  intestine ; 
the  bile  is  received  by  the  reservoirs,  and  chiefly  by  the  gall- 
bladder. 

While  the  secretion  of  the  bile  and  its  movement  forwards 
along  the  biliary  capillaries  is  continuous,  its  accumulation  in 
the  reservoirs  will  depend  simply  on  their  liocessibility.  Since 
one  set  of  reservoirs, the  large  bile-duct«,  form  the  passages  for 
the  discharge  of  the  bile  into  the  intestine,  their  impervion»- 
ncss  involves  at  the  same  time  an  impediment  to  evacuation, 
and  will  be  best  discuesed  in  connection  with  such  impedi- 
ments. It  is  not  so  with  the  gall-bladder  which  is  sitnated 
laterally.  Its  cavity  may  be  very  considerably  oncroaofaed 
upon  by  large  gnll-stoncs  or  by  projecting  tumours,  or  its 
Inmon  may  be  contracted  by  cicatrioed^*the  residncss,  as  a 
rale,  of  chronic  ulcerative  procosses  set  up  by  the  gaO-stoiuWy 
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— SO  that  Tery  little  bile  can  be  accomrnodated  in  ifc.  It 
becomes  completely  impervious  to  bile,  if  the  cystic  duct  is 
compressed  or  obstmcted  by  tnmonrs,  cicatrices,  or — as  is 
by  far  the  most  common  cause — by  impacted  gall-stonea. 
In  cases  of  this  kind  no  bile  can  enter  the  blnddor  from  the 
moment  of  occlusion,  nor  can  any  escape  from  it,  though  the 
organ  may  be  filled  to  distension,  especially  in  cases  of  im- 
pacted gall-ntone.  The  contents  of  the  occluded  gall-bladder 
do  not,  however,  long  continue  bilious.  Diilusion  takes 
pWe  between  them  and  the  contents  of  the  blood-vessels 
and  lymphatics  of  the  watl^  more  efipecially  the  latter,  and 
while  water  and  albumen  enter  the  saCj  the  specijic  conntitnentM 
of  ihe  bile  are  diffused  outwards.  The  bile-pigment  escapes 
first,  so  that  after  a  few  weeks  the  floid  of  the  occluded  bladder 
is  colourless,  without  a  trace  of  pigment,  but  contains  a  consi- 
der»b1e  quantity  of  salts  of  the  bile-acids,  fat  and  cholesterin.* 
Twice  or  three  times  as  long  a  period  must  elapse  before 
the  bile-acids  have  disappeared.  In  the  meantime  the  fluid 
contents  are  considerably  increased^  owing  partly  no  doubt  to 
continaed  secretion  by  the  mticons  glands  ;  and  as  the  result 
there  is  finally  developed  the  condition  familiar  to  the  patho- 
logical anatomist  under  the  name  of  hydrops  tysUdis  fellew. 
The  |;all-bladder  is  now  much  enlarged,  forming  a  pyriform, 
distended  sac,  which  may  not  infrer|nontly  be  felt  during 
life  through  the  abdominal  wall.  As  is  usual  in  cysts  with 
an  epithelial  lining,  its  contents  consist  of  a  colourlesg,  slightly 
tenacious,  watery  solution  of  albumen,  mucus  and  salts,  with 
•ome  fat  and  cholesterin.  As  regards  digestion,  it  makes 
Httle  difference  whether  the  imperviousness  of  the  gall-bladder 
is  due  to  an  encroachment  on  its  cavity,  or  to  occlusion  of 
tbe  cystic  dnet;  in  both  cases  an  accumulation  of  bile  in  the 
bladder  during  the  intervals  between  digestion  will  be  im- 
posaibto.  The  humnn  being  is  thus  placed,  in  this  respect, 
on  a  par  with  the  horse  and  elephant,  and  such  other  mammals 
ma  are  unprav^ided  with  a  gall-hladder.  Owing  to  the  much 
longer  period  occupied  in  digestion  by  these  animals,  most 
of  which  are  herbivora,  a  periodical  accumulation  is  certainly 
oancb  less  important  than  iu  man  with  hi»  regular  and  pro- 
longed intervals  between  digestion.  Moreover,  in  many 
*  Riltrr,  *  Jooni.  d«  V  anatoinie  et  de  U  phjsiologiv/  1873.  p.  181. 
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animalfi,  e.  g.  the  elephant,  tlie  peculiar  sacciform  ditatation 
of  tbe  ductns  cboledochus  before  entering  tbe  intestine  sup- 
plies the  place  of  a  gall-bladder.  In  man  too,  as  might  be 
inferred  a  priori,  tbe  dactos  cboledochna  and  bepatio  dacU 
n)ay  partially  assume  the  role  of  tbe  gall-bladder;  for  tbase 
ducts  usually  display  a  moderate  dilatation  in  imperviofisD6Ml 
of  the  ductus  cysticua.  That  they  could  ever  contain  the 
40 — 50  com.  bile  which  may  be  accommodated  by  the  gall- 
bladder, is  not  of  course  to  be  expected ;  and  people  with 
impervious  gall-bladders  no  doubt  lose  part  of  the  advantage 
which  aconios  to  intestinal  digestion  from  tbe  admixture  of 
an  abundance  of  bile  with  the  chyme  tbe  moment  it  enters 
the  intestine. 

The  arrangement  in  virtue  of  which  the  bile  is  not,  in  a 
normal  condition,  at  once  discharged,  but  collected  in  tbe  re- 
ceptacles set  apart  for  it^haa  an  additional  interest  in  patho- 
logy, because  it  is  extremely  favorable  to  the  development 
of  biliary  stagnation.  A  slight  degree  of  stagnation  moat 
even  result,  when  a  rather  long  iuterval  parses  between  two 
meals.  Its  occurrence  in  the  gall-bladder  will  be  farthered 
by  flexion  and  dislocation  downwards  of  this  sac,  such  M 
commonly  results  from  tight  lacing;  the  {'jflitj-fromth'  hlnddert 
though  not  the  entrance  of  bile,  will  then  be  impeded.  Fee- 
bleness of  the  muscular  coat  of  tbe  gall-bladder,  which  is  pro- 
bably not  an  uncommon  condition  of  advanced  life,  rausst  ob- 
viously facilitate  the  production  of  stagnation.  And  yon  will 
shortly  learn  that  the  same  result  may  attend  a  large  number 
of  pathological  agents,  in  a  slrictvr  sense,  by  which  at  th« 
same  time  the  entrance  of  bile  into  the  intestine  is  impeded. 
In  every  instance,  biliary  stagnation,  however  oondilioDodi 
Uads  first  to  inepissation  of  tbe  bile,  whereby  it  becomes  dark 
and  viscid,  (»r  may  almost  lose  it.s  liquid  consistence.  Bile 
of  this  kind  is  obtained,  «.  g,  from  a  compkU  fistuU  of  lb« 
gall-bladder — uue,  i.e.  in  which  the  d.  cboledochus  is  nt  tbe 
s»me  time  occluded — when  the  escape  of  bile  has  been  pre- 
vented for  a  time.  If  the  stagnation  persistji  lon^,  tbe  onn- 
centration  may  become  so  considerable  that  i"  "  'n  and 
bilirubin  sopnrato  out;  and  for  thi>i  reason  r  rmerljf 

supposed  that  the  fonercti^m»  so  oommonly  present  in  tbe  gall* 
bladder  and  more  rarely  in  the  bile-ducts  were  aUo  oaased 
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solely  bj  concentration  of  the  bilo.  This,  }iowe7Dr,  is  an 
error,  since  gall-stones  always  contain  ingredients  which  do 
not  occur  in  normal  bile.  As  is  well  known,  gull-stones  are 
grouped  in  itco  clauses,  according  as  they  are  rirk  or  poor  in 
chot»Bterin.  Those  of  the  latter  class  are  small,  irregular, 
dark  brown  or  dark  green,  almost  black  masses  with  a  faint 
liuire,  while  the  much  comracner  stones  of  the  first  category 
either  Consist  almost  altogether  of  cholesterin  and  have  a  dis- 
tinctly crystalline  fracture  and  alabaster-like  appearance,  or 
diaptay  alternating  layers,  pigmented  and  white.  All  large 
■iones  aod  all  having  anapproximntely  globular  or  regularly 
ftBgtiUr  form,  with  smooth,  often  facetted,  surfaces,  are  rich 
in  cbolosterin.  For  the  finer  details  of  structure,  and  espe- 
cially the  chemical  composition  of  gall-stones^  I  must  refer 
you  to  (he  pathologico-anatomical  and  chemical  literature  of 
the  subject,*  while  I  confine  myself  to  the  points  in  which 
tho  oouftituents  of  gall-stoneH  differ  from  those  of  normal 
bile.  The  bile-pigments  occurring  in  all  gall-stones — for 
tU^  apparently  pure  cholesterin  form  has  practically  always 
a  pigmeut€»d  nucleus — do  not  exist  free  or  bs  easily  soluble 
a-lkaliuu  combinations  ;  they  are  always  united  with  lime  tind 
magnesia :  even  the  fineet  gravel  found  in  the  smaller  ducts 
always  consists  of  bile-pigment  combined  with  lime.  In  the 
second  place,  however,  besides  the  normal  colouring  matters 
—bilirubin  and  biliverdin — others  are  commonly  present. 
TbesG  have  been  minutely  investigated  by  Stadeler,  and 
tonn<»d  hili/'uttcin,  hilifulvin,  and  InUhnunn  ;  they  must  cer- 
tainly have  originated  in  chemical  transformations  of  the 
'  lis.      Moreover,  the  occurreueo  of  antecedent 

let'      _  is   borne  out  by  the  presence  of  fiubstances 

giving  the  reactions  of  the  bile-acids  but  insoluble  in  water, 
aii'^  '  in^  mainly  of  so-called  chtdo^idinicacid.      You  must 

atiii  I  he  appearance  of  all  these  substances  cannot  be  ex- 

plained by  a  simple  concentration  and  inspissation  of  the  bile  ; 

•  H   M»»rlc*l  Ton  nolmsboch, '  Mirmf^ologie/ 1856,  p.  ^^.<rf«»^.  FrenVtwi 

lor  466  ;  Kldbn,  '  Humlli.  d.   puthol.  Anat.,'  i,  p.  48O  ;  Stadeler. 

•  Vh  -,  hr. d.  miturfonirli.  Girn-lWli.  in  Zurirli,'  ift6j,  viii.p.  \ ;  Kiihne, 

*  Phyniol.  Chcmip.'  p.  83  :  Muly.  *  Wirn.  Akiwl.  SitxinijfsbtT./  Bd,  70.  AMIi.  iii, 
JtlU,  1^74 ;  'Annal.  d.  Chcmie  und  Pliarmaci**.'  Bd.  175,  p,  76;  Hoppe- 
8oy]«r, '  Physiol.  Chrmie,'  p.  319. 
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iboy  evidently  sbow  tbat  a  decompoHttion  of  tlio  bile  most  have 
preceded  their  formation.  The  accamalation  of  eholesterin 
in  quantities  is  also  most  simply  understood  on  the  asaomp- 
tion  of  a  splitting  up  of  its  solvent,  the  bile-salts.  Am  to 
the  cause  of  this  decomposition^  however,  we  are  far  from 
adequately  informed  in  individual  cases.  It  was  very  natural 
to  take  refuge  in  inflaramatioa,  that  convenient  belperofpatbo- 
logy,  and  to  suppose  that  a  catarrh  of  the  gall-bladder  or 
ducts  exertSj  by  the  mucus  secreted  in  it,  a  fermentative 
action  on  the  bile-salts  and  so  splits  them  up.  But  there  is 
not  a  particle  of  proof  of  such  an  occurrence,  and  when  the 
wall  of  a  gall-bladder  containing  calculi  is  found  indumed, 
the  contrary  explanation — a  cholecystitis  called  forth  by  the 
presence  of  the  stones — is  certainly  the  correct  one.  Againi 
the  mucus  supposed  to  form  the  primary  nucleus  of  the  cal- 
culi cannot  be  demonstrated.*  The  occasional  existence  of 
a  nucleus  formed  by  a  foreign  body  which  has  entered  the 
gall-bladder  throws  no  light  ou  the  iiiBuitely  commoner  cases 
where  no  such  body  is  present ;  for  the  tendency  observable 
in  many  individuals  to  the  formation  of  new  Stones,  persist- 
ing for  years  and  tens  of  years,  indicates  that  the  agents 
initiating  the  decomposition  of  the  bile  must  recur  frequently. 
Thenard  suggests  that  in  the  subjects  of  biliary  calculi  the 
sodium-contents  of  the  bile  are  abnormally  reduced.  Klebs  be- 
lieves that  the  production  of  an  acid  secretion  by  the  mncoos 
membrane  of  gall-bladder  may  be  the  determining^  factor,  lo 
fact,  it  will  be  judicious  to  constantly  bear  in  mind  that  bile, 
and  enpecially  the  bile-salts^  are  very  readily  decomposable,  to 
that  decomposition  may  be  initiuted  by  very  different  factors. 
But  when  it  has  once  set  in,  cboloidmic  acid  and  the  combiua* 
tions  of  lime  with  bilirubin-derivatives  arc  precipitAtcd,  and 
upon  them  the  cholesteriu  is  depoeited  in  layers.  While, 
accordingly,  iho  prucimji  of  '*  stone- frnmiticni  "  is  very  far  from 
identical  with  simple  biliary  stagnation^  it  is  yet  obviona 
that  stagnation  will  be  extremely  favorable  to  the  formation  of 
stones.  It  will  certainly  bo  still  more  serviorablo  to  the  growth 
of  Cftlculi  ;  and  there  is  no  doubt,  I  think,  that  biliary  ean- 
cretions  could  scarcely  exceed  the  bile-gravel  in  size  without 
Ihu  aid  of  stagnation.  If,  in  connection  with  this  fact^  yoo 
•  K<i)ine«  I.  o.,  p.  86. 
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consider  what  I  have  just  told  yoa  as  to  the  commoner  causes 
of  sta^atioD  in  the  gall-bladdor,  you  will  hardly  attribute  it  to 
accident,  that  biliary  calculi  should  occur  by  preferocce,  on 
the  one  baud,  in  women,  and,  on  the  other,  in  advanced  life. 
In  order,  however,  that  the  bile  accumulated  in  the  re- 
servoir, as  well  as  that  freshly  secreted  during  digestion,  may 
actnally  reach  the  intestine  two  conditions  have  still  to  be 
fulfilled.  Id  the  first  place,  the  continuity  of  the  wall  of  the 
cnncU,  through  which  the  bile  has  to  pass,  mtuit  vowhere  he 
%nt4frrupted  ;  in  the  second  place,  the  passage  must  be  per- 
m<m0  and  unohtttrueted^  A  trauma  may  sometimes  be  the 
Cftase  of  a  solution  of  continuity  of  the  wall  of  the  bile-pas- 
M^es,  and  both  punctured  and  incised  wounds^  as  well  as 
laceration,  have  been  observed  in  the  gall-bladder  and  large 
dacts.  Much  more  commonly,  however,  the  rupture  or  per- 
foratum ia  brought  about  by  chronic  ulcerative  processes, 
moHtly  due  to  the  presence  of  stones.  The  formation  of  Huch 
abnormal  openings  must  under  all  circumstances  result  in  the 
e9cape  of  bile  ;  but  the  importance  of  this  event  differs  ex- 
iremely,  according  to  the  locality  into  which  the  aperture 
leads.  Communication  with  the  surface  through  the  abdo- 
miDal  wall  bo  as  to  produce  a  regular  external  biliariffhtul/i, 
such  as  since  Schwann's  initiative,  is  artificially  established  by 
the  physiologist,  is  quite  exceptional.  Direct  perforation 
into  the  peritoneal  cavity  is  fortunately  also  rare.  Fortu- 
Dftiely,  I  say,  because  in  the  vast  majority  of  instances  a  fatal 
peritonitis  follows  the  perforation  by  an  ulcer  of  the  gall- 
bladder or  the  ductus  choledochus.  Foritouitis  need  not 
necessarily  result,  it  is  true:  it  ia  an  everyday  experience 
with  the  experimental  physiologist  that  the  escape  of  a  littlo 
bilo  into  the  peritoneal  cavity  during  the  establishment  of  a 
fiatula  is  followed  by  no  disadvantage  to  the  animal  expori- 
iDenled  on  ;  and  it  is  not  long  since  I  had  an  opportunity  of 
obsBTving  a  case  of  traumatic  rupture  of  the  left  hepatic  duct, 
which  likewise  ran  a  comparatively  favorable  course.  In 
Uiifl  case,  bile  escaped  from  the  left  posterior  angle  of  the 
quadrate  lobe,  at  which  spot  the  rupture  was  situated ;  directly 
on  the  occurrence  of  the  trauma  and  for  weeks  afterwards  it 
trickled  into  the  cavity  of  the  abdomen,  from  which  on  several 
occasions  very  considerable  quantities  were  removed  by  tap* 
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ping.  At  tlie  SBTne  time  the  heart's  action  was  slow,  aivA 
Bkin  and  urine  icteric.  After  several  months,  however,  the 
signs  of  bile-absorption  disappeared^  although  physical  exam- 
ination of  the  abdomen  showed  beyond  doubt  that  a  consider* 
able  quantity  of  fluid  was  present  in  the  cavity.  This  fluid 
was  proved  by  the  chemical  examination  of  portions  obtained 
by  puncture  and  afterwards  at  the  autopsy — death  having^ 
taken  place  as  tbo  result  of  an  intercurrent  affection — to  actu- 
ally consist  of  a  mixture  of  lymph  and  bile.  The  autopcy 
also  showed  that  the  entire  surface  of  the  visceral  and  pari- 
etal layers  of  the  peritoneum  was  covered  by  a  firmly  adhe* 
rent,  perfectly  regular  layer  of  new-formed  connective  tissue^ 
brown  in  colour  from  the  presence  of  granular  and  amor* 
phous  bilo-pigmentj  and  consisting,  on  microscopic  examina- 
tion^ of  tightly  packed  bundles  of  beautiful  spindle-cells.  The 
non-occnrrence  of  bile-absorption  from  the  abdomen  during 
the  last  few  weeks  of  life  was  clearly  attributable  to  the  ex- 
istence of  this  membrane.*  Hut  although  in  this  instnictivd 
case  the  bile  which  escaped  in  6uch  profusion  into  the  peri- 
toneum produced  an  adhesive  instead  uf  a  purulent  inliam* 
mation,  an  equally  favorsble  couree  can  scarcely  ever  be 
expected  in  ulcerative  perforation.  For  the  escape  of  bile 
ia  here  always  preceded  by  a  necrosivc  and  suppurative  pro- 
cess, and  if,  as  ia  usual,  the  ulceration  depends  on  the  irrita- 
tion of  gall-stones,  you  know  that  the  bile  entering  the  abdo- 
men will  have  previously  undergone  decompositions  and  will 
probably  not  bo  so  harmless  as  the  perfectly  normal  secretion. 
Nature  adopts  another  method  in  these  cases,  and  seeks  to 
avert  the  general  and  fatal  peritonitis  by  netting  up  a  cir- 
cumscribed intlauiQ)ation  which  leads  to  the  production  of 
Bdhesions  between  the  portion  of  gall-bladder  involved  and 
ftome  other  organ.  If  perforation  snbseqoently  occurs  the 
abnormal  communication  is  established  with  this  organ  and 
not  with  the  cavity  of  the  peritoneum.  Complete  external 
biliary  fistnluu  may  be  produced  in  this  way  ;  but  much  more 
commonly  the  porfomtion  leads  into  the  duodenum,  whothor 
the  ulcerative!  process  has  started  in  the  gall-bladder  i»r  in 
thcbilo-ducts.      Abnormal  communications  (»r)i'<'>>itu<ir  jn  tbit 


•  Accordhig  to  t  conmntu'cstion  hy  Tliiowch  At  lb*  *•  (  : 
of  l88a    Cf.  sliK)  Cld«. '  A.  f.  klra.  Chirorg.,'  «▼,  p  485. 
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way  have  been  observed,  often  with  the  colon,  in  a  few  oases 
with  the  stomach,  with  the  polvia  of  the  right  kidney,  with  the 
right  pleara]  carity  or  right  bronchi  after  previous  adhesion 
to  the  diaphragm,  ami  even  mpture  into  the  portal  vein  has 
hi"  '*!bed  by  truslworihy  writers.*      Of  all  these,  com- 

tnu  u  with  the  duudeuum  is  unquestionably  the  most 

favorable,  since  this  is  the  region  which  normally  receives 
the  bile.  Evcu  when  the  abuormal  passage  permita  the  en- 
trance of  gall-stones  as  well  as  bile  into  the  duodenum,  this  is 
aa  a  rale  a  desirable  event,  aiuoe  the  organism  can  thus  most 
conveniently  rid  itself  of  the  stonefl.  Rut  its  consequences 
may  be  ovil  when  the  stoue  is  very  large,  for  the  latter  may 
tbon  become  impacted  in  a  coil  of  iDtostine  and  give  rise  to 
fatal  obstruction  of  the  bowel  ;t  small  stones,  on  the  contrary, 
can  only  prove  dangerous  by  entering  the  vermiform  process. 
But  except  for  these  unfortunate  accidents,  it  is  evident  that 
the  duodenal  is  less  dinadvantagcous  than  any  of  the  other 
fi«tuln?,  since  all  biliary  fistulfe,  with  this  one  exception,  in- 
volve  a  loss  of  biU  for  intestinal  digestion.  The  quantity 
loal  may  differ  greatly.  Such  a  large  escape  has  sometimes 
been  observed  from  external  fiatulcc,  the  stools  being  at 
the  same  time  clayey  and  quite  uncoloured,  that  it  was  con- 
sidered justifiable  to  assume  that  all  the  bile  had  selected 
the  abnormal  path,  and  to  utilise  these  cases  for  quanti- 
tative estimations  of  the  bile  secreted  in  twenty-four  hours.} 
Scbiff  claims  to  have  repeatedly  convinced  himself  that  when 
a  wido  artificial  fistula  is  established,  the  whole  of  the  bile 
eecapea  externally,  noue  entering  the  intestine. §  Hut  not 
unless  the  aperture  is  wide  and  gaping,  and  in  ordinary  fis- 
tiiions  communications  the  characteristic  colour  of  the  ffeces 
provee  that  the  iute«tine  contains  bile.  Hence  interruptions 
of  continuity  of  the  bile-passages,  though  often  accompanied 
by  strikiug  symptoms,  have  not  usually  the  same  significance 
for  digestion  as  have  the  ob/ttaeles  which  impede  th^  passage 
through  the  ducts^  or  render  them  completely  impervious. 


*  FrBficlu,  \^.,  lit  y-  507. 

t  Frtrictu,  L  CL,  ii.  p.  504 ;  Cohnlieim*  *  Vircb.  A./  xxxvii,  p,  415. 
X  Weitph*lAn,  1.  0.;  tl.  Riinktf.  *  Die  BlutTcrUioiliing  tu  der  Thatigkeits. 
incUo!  d.  Orpine'*  1971  ;  Wittioh,  '  TflUg.  A/  vi,  p.  181. 
§  Sobiff,  *  Pfldi;.  A>,'  ui.  p.  59S. 
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Sacli  obstacles  exist  in  great  variety.     Stone^i  may  bocome^ 
impacted  in  any  of  the  larger  bile-ducte,  moHt  freqaently  in 
the  ductus  cboledochus.     Animal  paranies  may  block  their 
lumen  ;   e.  g.  distumata  or  ecbinococci  which  have  penetrated 
them   from  the  liver,  and  occasioaally  ascarides  from  the 
intestine.      Tumours    often   render  a  bile-dact  impassable. 
Thns,  a  carcinoma  of  the  daodennm,  of  the  dactuB  choledocbos 
itself,  of  the  head  of  the  pancreas,  or  of  the  epigaatric  ]ym- 
phatio  glands  may  obstract  the  ductus  communis ;  enlarged 
lymphatic  glands   in   the  portal   fissure  may    compress    the 
hepatic  duct ;  while  single  branches  of  this  duct  may    be 
occluded  by  tumours  situated  in  the  liver  itself.      Cicalticial 
strictures  of  individual  ducts,  most  frequently  the  choledochasi 
may    arise    from    antecedent    ulcerative   processes,   and   in 
cirrhosis  of  the  livery  the  intra-hepatic  bile- ducts  are  ooa- 
stricted  by  contracting  bands  of  connective  tissue.      Lastly, 
total  obliteration  or  absence  of  thelarge  external  bile-passages 
has  been  several  times  observed  as  a  congenital  malformation* 
These  are  all  such  factors,  you  perceive,  a«  may  be  exactly 
paralleled  in  every  oanal-system  of  the  body.     Still  the  low 
pressure  under  which  the  bile  is  secreted  and  discharged, 
makes  it  possible  for  the  flow  to  be  arrested  by  rof^istances 
which  could  not  act  as  obstacles  elsewhere.     By  far  the  most 
common  impediment  to  the  efflux  of  bile  is  ordinary  simple 
gastro-dttodcnal  catarrky  which  at  the  same  time  implicaC-es 
the  portion  of  the  ductus  choledochus  included  in  the  wnU 
of  the  intestine, — Yirchow's  portio  intestinalis.     The  swel- 
ling of  the  mucous  membrane  of  this  portion,  together  with 
the  product  of  the  catarrh,  the  well  known  ntucou«  |>/u^,  is 
quite  suflicient  to    prevent  the  entrance   of  bile  into    the 
intestine  for  days  together.      Bat  under  certain  circumsta&OM 
the  mucous  plug  and  catarrhal  ewelbng  are  not  necessary. 
In  a  starving  dog,  the   persistent  firm  contraction   of   Uio 
duodenum  is  apparently  capable  of  completely  arresting  the 
flow  :   after  several  days*  starvation,  the  animal  invariably 
becomes  slightly  jaundiced — an  occurrcQce  which,  it  is  tnatf, 
Kunkel*  ascribes  to  occIiiBion  of  some  of  the  larger  bile-ducta 
by    peculiar  flakes,   sepaiuted    out    from   the  bile    produced 
during  starvation.      In  man,  too«  it  a]>pears  very  probable 
•  Kunkol.  •  Pflag.  A./  xir,  p.  367. 
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tliAi   a   definite^  very  commonly  occurring  kind   of  icterus 
depends  upon  An  interference  with  blie  escape  of  bile  by  the 
Dou-iiiilamod   ductuu  choleduchus:   I   refer  to  the  j a  undies 
wbicb  attacks  8ucb  a  considerable   percentage  of  new'bom 
children  during  the  first  few  days  after  birth.      If  this  affec- 
tion really  depended,   as  has  been  claimed^  on  the  altered 
relations  of  the  circulation  of  the  liver,  or  was  of  hasma- 
(iioua    origin  and  produced   by  the   extreme   alteration 
the  vital  conditions,  it  must  necessarily  be  met  with  in  all 
now-born  children.     Ic  is  far  from  universal,  however,  occur- 
iu^  only  in  about  60  per  cent,  of  births,  and  this  fact,  in  my 
opinion,  gives  more  plausibility  to  the  view  that  it  is  due  to 
mechanical  causes.      During  intra-uterine  life,  as  proved  by 
the  mecontam,  true  bile  is  secreted  and   discharged  into  the 
intestine  i  but  the   slight  degree  or  absence  of  icterus  in 
children  who  come  into  the  world  with  an  obliterated  ductus 
choleduchus  proves  that  the  production  of  bile  during  this 
period   is   extremely    scanty.      This   condition   of   affairs   is 
sdddenly  changed  after  birth,  so  soon  as  the  child  takes  its 
first  nourishment  and  begins  to  breathe.      The  idea  mo&tob- 
viomily  suggesting  itself  in  these  cases  is^  I  think,  that  the 
capacity  of  the  narrow   ductus  eholedochus  does  not  in  all 
individuals  admit  of  an  immediate   accommodation  to  the 
conaidcrnbly  increased  6ow  of  bile :  a  portion  only  escapes, 
the  remainder  being  retained  for  a  time.     By  this  explana- 
tion, one  of  the  objections  commonly  raised  to  the  mechanical 
character  of  the  jaundice,  i.  e,  the  absence  of  the  mucous 
plug  in  such  of  the  children  as  die  icteric,  is  completely  de- 
prived of  cogency  ;   while  the  second  objection,  based  upon 
the  abaeuce  of  bile-pigment  from  the  urine  in  most  cases,  is 
disposed  of  by  the  fact   brought  to  light  by  Orth*",  that  the 
kidneys  of  all  the  children  dying  during  the  attack  of  jaau- 
dioe,  contain  a  crystalline  depoitit  of  bilirubin.      Nay  more ; 
since  Birch-Hirschfeldt  discovered  that  both  bile-pigment 
and  bile-acidn  may  be  detected  in   the  pericardial  fluid  of 
icteric  children  by  Neukomm's  process,  there  is  no  longer 
any  rMson  to  doubt  the  mechanical  nature  of  the  jaundice. 


•  Orth»  •  Vireh.  A.,'  Ixiii,  p.  447. 

t  Birch.HlrschfeM,  '  Virch.  A-,'  Ixixvii,  r-  »» 
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It  is  true  fbat  Violet*  has  recently  aofiglit  to  sapport  tTje 
notioD  of  its  lisQmatogenous  origin  by  the  fact  that  childreu 
in  whom  the  umbilical  cord  is  tied  late,  and  who  are  in  coo* 
sequence  polyiomic  (cf.  vol.  i,  p.  426) ,  more  often  develop  & 
marked  degree  of  icterus  than  do  those  in  whom  ligation  is 
early  carried  out ;  bat  this  may  perhaps  be  explained  on  the 
supposition  that  bile-production  in  these  very  children  is  un» 
usually  abundant.  The  cause  of  the  jaundice  by  absorption^ 
in  believed  by  Birch -Hirschfeld  to  be  comq>reMtion  of  thfi  hiU* 
ihicts  owin'j  to  oedema  of  the  jmri-purlal  ceUalar  tissue  ;  and  the 
oodema  he  takes  to  be  the  consequence  of  stagnation  due  to 
the  cessation  of  the  circulatiou  through  the  umbilical  veto, 
and  to  a  possible  delay  in  the  regular  devolopment  of  the 
pulmonary  circulation.  Without  desiring  to  discuss  the 
justice  of  this  interpretation,  it  appears  to  me  that  we  must 
wait  for  a  larger  experieuce  as  to  the  frequency  of  (edema 
of  Glisson's  capsule.  I  have  recently  examined  the  bodies 
of  new-bom  children  with  ordinary  icterus,  in  which  there 
was  no  cedema  of  the  capsule,  so  that  I  am  unable  to  agreo 
with  Birch-Hirschfeld  in  attributing  such  exclusive  tmpor* 
tance  to  this  condition.  Whether^  in  addition  to  the  intes- 
tinal portion  of  the  ductus  choledochus,  other  portions  of  the 
ducts  can  be  made  impermeable  as  the  result  of  simple  ca^ 
tarrb,  appears  more  than  doubtful.  The  larger  duots,  whoM 
liability  to  catarrhal  inflammation  cannot  be  disput«*d,  are 
too  wide  to  admit  of  occlusion  by  catarrh,  and  catarrh  haa 
uever  yet  been  demonstrated  in  the  smaller  ducts.  But  bear- 
ing  in  mind  the  very  slight  tension  under  which  the  bile 
moves  forwards  through  these  finer  ducts,  it  is  certainly 
worth  coDsidenng  whether  they  might  not  be  compressed  by 
vessels  filled  to  distension  with  stagnant  blood  ;  and  whether 
the  icterus,  which  though  slight  so  oft-en  acccornpaniea  in- 
sufficiently compensated  cardiac  lesions  may  not  depend  on 
such  compression  of  the  interlobular  bile-duots. 

As  to  the  Mignificanoe  of  these  impediments^  it  makes  not 
a  little  difference  whether  the  passage  is  partially  obstructod 
or  fully  inn  and  the  »*^l  of  the  •  'is  ako  of 

t*ODeidoniblt        ^       -luco.      Closure  of  the  '  tiolL*do<JiDa 

or  of  the  hepatic  trunk  completely  arreat^  the  flow  into  tba 
•  Violtjt,  iWtl.,  Ux*,  p.  3S3' 
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intestine.  Occlnsion  of  branches  of  the  ductus  hopaticas 
aimply  blocks  the  way  for  the  bile  collecting  in  and  travelling 
along*  thesci  channels^  bat  does  not  disturb  the  efBux  from  the 
remaining  branches. ,  Acoordingly^such  intra-hepatic  impedi- 
ments are  almost  eqairalent^  so  far  as  intestinal  digestion  is 
concerned,  to  narrowing,  not  closure^  of  the  common  bile- 
daot. 

The  effects  on  digestion  of  a  reduction  or  cessation  of  the 
supply  of  bilo  to  the  intestine  will  appear  most  clearly  on 
oonsidering  what  the  bile  normally  accomplishes  in  the  intes- 
lino.  Of  primary  importance  is  its  influence  on  the  digestion 
of  /aU,  The  power  it  possesses  of  ilissolviug  small  quanti- 
tios  of  fat  is  not  of  practical  significance  ;  its  chief  function 
is  the  conversion  of  the  fats  into  a  very  fine  emuUfioyi,  in 
which  it  is  assisted  by  the  movements  of  the  intestine.  The 
emul&ion  is  particularly  fine  and  lasting  when  the  emulsi- 
fying action  of  soaps  participates  in  its  production  ;  and  the 
presence  of  sonps  in  the  iutebtiue  is  also  provided  for  by  the 
bile,  which  easily  and  rapidly  saponifies  the  fatty  acids,  sepa- 
lutod  from  the  neutral  fats  by  the  pancreatic  juice.  To  those 
two  functions  must  be  added  a  third — that  the  bile  essen- 
tially facilitates  the  passage  of  the  emulsified  fat  through  the 
moist  intt'stina!  wall  into  the  radicles  of  the  chyle-vessels  ; 
for,  like  a  soap-solution,  its  adhesion  for  oil  is  greater  than  for 
water  ;  oil,  which  passes  through  a  membrane  moistened  with 
water  only  under  bigh  pressure,  will  filler  through  one  moist- 
oniid  with  bile  in  the  absence  of  all  pressure.*  It  is  not  to 
be  denied  that  we  arc  no  longer  justitiedin  attributing  to  those 
facts  that  import^tncc  in  the  digestion  of  fats  which  they  re- 
cently npiicared  to  claim.  For  Willf  and  CashjJ  working 
independently,  found,  in  the  frog  and  the  dog  respectively, 
that  no  emulsion  is  present  in  the  intestine  during  the  digos- 
lioa  of  fats.  Indeed,  the  latter  obsei*ver  regularly  found  that 
ibe  entire  contents  of  the  intestine  were  acidj  so  that  an 
omaUlon  could  not  possibly  exist  there,  and  yet  the  chyle- 
vmsels  of  the  dog  were  at  the  same  time  filled  with  typical 
white  chyle.      Proof  wae  therefore  afforded  that  fat-aiDsorp- 

•  8l«iner.  'A.  f.  An»L  u.  Phjiiol/  1873,  p.  137,  1874,  p.  a86. 

t  WUl,  •  Pfiug.  A,/  u,  p.  355. 

t  CmK,  'A.  £.  PhjaJoloff./  1880.  p.  323. 
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tioQ  from  the  inteBtine  may  take  place  without  previous  emuL 
Bification  of  the  neatral  fats.  But  althoagh  the  manner  and 
method  of  the  action  of  tbe  bile  in  fat-digestion  appears  to  re- 
quire further  investigation,  the  fact  of  such  action  cannot  be 
doubted  in  presence  of  the  physiological  and  pathological  ex- 
periences shortly  to  be  discussed.  As  compared  with  this 
function^  its  influence  on  starches  and  sugar,  and  upon  carbo- 
hydrates generally,  may  be  neglected.  Albuminous  snb- 
Btancee  are  not  directly  affected  by  it ;  nevertheless  its  utility 
in  the  digestion  of  albnmon  must  not  be  depreciated,  for  it 
precipitates  the  peptones  and  the  dilate  acid  solntiona  of 
albumen,  t.  e.  all  tbe  solutions  of  albumen,  which  enter  the 
intestine  from  the  stomach  :  at  the  same  time  it  throws  tlown 
the  pepain^  and  consequently  puts  a  stop  to  peptic  digestion. 
Aa  regards  other  effects  of  the  bile  in  the  digestive  oanal, 
we  know  that  it  stimulates  the  peristaltic  movementa:  veiy 
email  doses  of  bile-salts^  if  introduced  into  the  stomach  or 
the  blood  of  a  dog,  will  give  rise  to  vomiting  and  diarrhoea.* 
Lastly,  it  is  capable,  not  indeed  of  preventing,  but  of  delaying 
the  putrefaction  of  substances  present  in  the  intestines. 

Accordingly,  it  will  be  the  digestion  and  ah^firrptxim  of  fatji 
that  will  chieHy  suffer  as  the  result  of  a  deficiency  of  bile* 
And,  indeed,  the  result  of  hundreds  of  observations,  both  at 
the  sick  bed  and  on  animals,  is  that  the  less  the  (|aantityof 
bile  entering  the  intestines  the  smaller  is  the  amount  of  fat 
absorbed.  A  dog  whose  ductus  choledoohus  has  ^  '  '.%- 
tured,  or  a  man  in  whom  the  duct  is  occluded  from  ^  L:je 

or  other,  and  living  on  a  mixed  diet  containing  fat,  pasMS 
feeces  containing  such  an  abundance  of  fatty  matter  that  the 
stools  resemble  clay  in  colour,  being  grey,  or  even  white  and 
ghstening.  Nor  is  the  defective  fat-absorption  capable  of  cor- 
rection by  the  pancreas  and  its  secretion.  In  many  cases  of 
icterus,  and  especially  in  the  commonest  form  uf  all,  that  de- 
pending on  gaatro-dnodenal  catarrh,  the  pancreaticdnct,  which 
enters  the  iuteatine  with  the  ductus  choledochus,  ia  also  oc* 
eluded.  Even  \n  thot&e  instances  whore  the  bile  ia  arrested 
by  some  impodiraent  in  the  choledoobos  before  ita  ontranoo 
int^i  the  inti;stiiie,  and  the  pancreatic  jni  '      '    ."     uarged, 

the  action  of  the  latter  tiuidwill  be  \u  lortho 

•  SohuIeiD.  *  Zoit«:br.  t  BioL,'  jiU,  ^  17a. 
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knowledge  of  whicb  we  owe  to  Kuhne.*  This  is  nothing 
eliie  thao  the  capacity  of  the  gastric  juice  to  complotely  di- 
gest the  pancreatic  ferment ;  and  it  is  consequently  clear 
that  only  the  precipitation  of  the  pepsin  by  the  bilo  can  pro- 
tect the  pancreatic  ferment  from  destrnction,  and  make  its 
action  in  the  intestine  possible.  The  slight  degree  of  opa- 
lescence of  the  chyle-vessels  in  dogs  with  ligatured  ductus 
choledochuB,  in  spite  of  an  abundant  supply  of  fatty  food, 
also  shows  very  strikingly  that,  in  the  absence  of  bile  from 
the  intestine,  the  pancreatic  juice  cannot  be  of  much  service 
to  fat-absorption.  Moreover,  owing  to  the  great  value  of  the 
trypsin  as  the  agent  in  the  digestion  of  albuminous  substances 
in  the  intestine,  a  very  serious  additional  disadvantage  must 
ariiM3  from  the  relationship  just  tonched  upon  :  in  the  absence 
of  bile  less  albumen  also  will  be  worked  up  and  absorbed.  Fur- 
ther, there  is  constiintly  a  tendency  to  contitipation  in  persons 
through  whose  intestines  little  or  no  bile  flows ;  the  clayey 
atouls  have  a  most  ofFensive  odour,  and  in  the  intestines  there 
is  a  considerable  development  of  gate,  so  that  such  patients 
nstaally  complain  of  flatulence — all  of  them  symptoms  which 
might  be  directly  inferred  from  the  functions  of  the  bile  already 
describod.  This  is  all  wo  know  of  the  effects  of  a  deficiency 
of  bile  on  digestion  ;  our  knowledge  does  not  allow  of  our 
saying  more.  So  long»  in  particular,  as  we  are  not  better 
informed  both  as  to  the  fate  of  the  bile  in  the  intestine,  and 
the  further  changes  undergone  by  the  albumen  precipitated 
by  the  bile,  all  further  consideration  of  other  possible  con- 
seqaeoces  to  digestion,  arising  out  of  a  deficiency  of  this  fluid, 
would  be  nothing  but  idle  speculation. 

But  the  *»ffects  of  such  deficiency  which  have  been  already 
dwelt  on,  and  are  certainly  established^  evidently  suffice  to 
constitute  a  most  serious  condition  for  the  entire  organism. 
An  individual  who  cannot  absorb  enough  fat  to  replace  that 
which  is  constantly  being  consumed,  mnst  of  necessity  ema- 
ciate unless  he  can  procure  the  required  fat  by  the  splitting 
op  of  albumen.  To  do  this,  however,  even  with  a  perfectly 
Qonnal  digestive  apparatus,  very  largo  quantities  of  albumen 
maat  be  taken  as  food ;  how  much  more  would  be  needed 

•  Evhnv, '  Verliiindl.  der  Heidelb.  naturforsch.  Geiwllsch..'  1876.  N,  P.  I, 
p.  190  ;  Ma^ii,  *  Untcniuchutig«D  d.  H«tdelb.  physiol.  lost./  Ui,  p.  379. 
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when  the  fanction  of  the  pancreas  in  digesting  albumen  is 
so  greatly  interfered  with  !  Aa  a  matter  of  fact,  it  is  im- 
possible for  a  dog  with  a  complete  biliary  fistula  to  keep  up 
its  weight  and  normal  nutrition  except  by  conaoining  onor- 
moQS  quantities  of  flesh.  The  animals  regularly  become 
enormous  eaters^  the  more  so  becaaac  the  loiithing  which 
quickly  appears  on  a  purely  fiesh  diet  makes  it  necesaaty  to 
add  large  quantities  of  carbohydrates  to  the  food. 

A  few  cases  of  biliary  fistulte  have  been  observed  in.  man 
also,  where  the  nutntionj  for  a  time  at  least,  was  good  aod 
unreduced,  although  the  condition  of  the  faeces  proved  th^t 
no  bile  entered  the  intestine.  In  the  vast  majority  of  saoh 
cases,  however,  compensation  such  as  is  possible  in  dogs,  is 
absolutely  out  of  the  question.  True,  in  the  human  subject^ 
the  absence  of  bile  fi*om  the  intestine  is  much  less  frequently 
due  to  a  fistnlous  opening  than  to  imperviousness  of  the  bile- 
passages  ;  and  on  considering,  for  example,  the  most  common 
cansc  of  this  imporviousness,  namely,  gastro-duodenal  catarrh, 
you  will  find  that  the  ensuing  loss  of  appetite  and  functional 
disturbance  of  the  stomach  render  a  compensation  by  in* 
creased  digestion  of  albumen  impossible.  But  even  if  we  learo 
this  complication  out  of  account,  the  experience  of  all  ezpori* 
menters  that  dogs  do  not  bear  simple  ligature  of  the  ductus 
choledochus  so  well  as  the  combination  of  this  operatinn  with 
the  prodnction  of  a  fistula  of  the  gall-bladder  indicates  that 
the  disadvantages  arising  from  the  absence  of  bile  in  the 
intestine  are  considerably  iutensified  by  the  retention  of 
secretion  in  the  organism. 

In  order  to  estimate  exactly  the  evils  which  aitc^utl 
retentioti  of  the  secreted  hiU^  it  will  first  of  all  bo  advisablo 
to  determine  whether,  after  the  efflux  \%  prevented,  bile  con- 
tinues to  be  secreted,  and  if  so  whether  in  ann  T  com- 
position it  remains  as  before.  Of  course  no  <  :  >a  can 
bo  arrived  at  from  the  extreme  fulness  of  all  the  receptacles, 
gall-bladder  and  bile-ducts,  which  is  found  a  short  '  "i"r 
the  closure  of  the  ductus  choleUoclms  ;  for  not  till  i  >  '-n 
of  the  bilo  collected  in  the  ducts  has  acquired  a  certain  elova* 
tion  can  the  occlusion  exert  uii  influence  <>'  "re 
importance  is  therefore  to  bo  attached  i-  .  <.ti 
ectasia  of  the  bile^pajtatagen  after  long  occlusion  of  the  ductus 
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oholedochus^  an  ectasia  which  may  even  extend  to  the  inter- 
lobular ducts,  and  is  not  ancommonly  so  marked  that  branches 
ol  Tery  small  aize  acquire  the  diameter  of  a  normal  ductus 
hepaticns  or  more.  The  contents  of  the  dilated  ducts  are 
fuoally  very  concentrated,  and  sometimes  partly  consist  of 
grarel,  but  in  other  respects  resemble  normally  constituted 
bile.  Such  an  ectasia  is  found  only  when  the  efflux  of  bile 
has  been  long-  and  absolutely  prevented ;  and  should  yon 
ever  have  an  opportunity  of  examining"  the  body  of  a  person 
who  during  several  weeks  preceding  death  has  suffered  from 
catarrhal  icterus  you  wiU  seek  for  dilatation  in  vain.  In 
simple  catarrhal  icterus,  however,  the  exclusion  of  the  bile 
from  the  intestine  can  hardly  ever  be  absolute,  and  more 
specially  continuous,  from  beginning  to  end  ;  to  this  must  be 
added  the  fact,  that  from  want  of  appetite  for  food  and  im- 
perfect nutrition  very  little  bile  is  produced  by  such  patients. 
The  circumstance  that  the  impairment  of  nutrition  caused 
by  absence  of  bile  from  the  intestine  is  necessarily  followed 
by  a  reduction  of  the  biliary  secretion,  possesses  a  high  degree 
of  importance  for  the  question  now  occupying  our  attention. 
It  may  indeed  bo  regarded,  as  will  shortly  appear,  to  bo  a 
kind  of  self-help  of  the  organism.  We  shall  not  enter  upon 
tho  vexed  question  of  the  influence  on  the  biliary  secretion 
of  the  absorption  of  bile  from  the  intestine  ;*  but  we  may 
TMitnre  to  assert  that  after  theoacape  of  bile  has  been  arrested, 
it  alill  continues  to  be  produced  in  perfectly  normal  fashion, 
ozcopt  that  in  moat  cases  its  quantity  is  reduced.  The  extent 
of  the  redaction  is,  it  is  tme,  unknown  to  us ;  for  the  qnan* 
tity  of  bile  accumulating  in  the  ducts  when  the  occlusion  is 
absolute  affords  no  indication  of  the  amount  secreted,  since, 
owing  to  the  increased  tension  in  the  ducts,  not  merely  is  the 
water  of  the  bile  absorbed,  but  all  its  other  constituents  aa  well. 
'I'he  absorption  takes  place  exclusive!}'  by  means  of  the 
l^fnphatic^.  After ligatureoftheductuscholedochus^Fleischlt 
iocceeded  iu  detecting  bilo-acids  in  the  lymph,  before  they 

•  Huppert,  'Arch.  d.  Heilk.,'  1S64.  p.  237  ;  Schiff.  I.  c. ;  Sokoloff,  *  Pfliig. 
A.*'  xi.  p.  lf>6  ;  Kuiiknl,  1.  c. ;  Tappeiuer. '  Wien.  akad.  SitzaDgsber.,'  Ixxvii. 
AUb.  3.  1878.  April-Heft ;  *  Mittheilaag.  aos  d.  Manoh.  pathol.   Inst./ 
1S78.  p.  ItS. 
t  Flmchl, '  Arb.  d.  Leipz.  pbyi.  AnBt./  1874,  is,  p.  34. 
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could  be  discovered  in  tbe  blood  ;  while  Kofferath*  found 
that  they  were  altogother  absent  from  the  blood  when  the 
ductus  thoracicus  was  also  occluded.  It  is  very  probable  that 
the  absorption  commences  from  the  largo  bile-ducts.  Thiis 
would  appear  to  bo  so  from  the  observation  of  Heidenhain^t 
that  a  solution  of  indigo-carmino  introduced  from  a  biliary 
fistula  into  the  bile-ducts  under  a  certain  amount  of  pressure 
stains  the  mucous  membranes,  fasciae,  skin,  &c.,  much  more 
rapidly  than  it  stains  the  liver  itself.  But  when  the  occlu* 
sion  of  the  bile-passages  persists  for  a  time,  the  finer  canals 
also  allow  of  absorption.  Of  thie  I  was  able  to  convince 
myself  recently  in  the  case  of  a  dog  with  artificial  stenosis  of 
the  ductus  choledocbus :  although  the  conjunctivae  and  the 
urine  were  intensely  icteric  till  the  time  when  the  animal  was 
killed,  the  sole  contents  of  the  dilated  large  bile-ducte  were  a 
perfectly  colourleMt  fluid,  rich,  however,  iu  cholates  and  choles* 
terin.  The  bile  after  absorption  passes  through  the  dactos 
thoracicus  and  is  distributed  through  all  parts  of  the  body. 
The  distribution  of  the  bile-pigment  may  be  most  readily 
followed.  Before  twenty-four  hours  have  passed  the  blood - 
serum  has  acquired  a  distinctly  yellow  hue  ;  the  transuda- 
tion of  all  parts  rapidly  becomes  altered,  giving  rise  to  m 
diffuse  saturation  of  the  tissues  with  biliary  colouring  matter. 
But  for  the  colour  to  become  strikingly  noticeable,  a  certain 
degree  of  concentration  is  necessary ;  hence  it  is  that  the 
staining  of  the  conjunctivte  does  not  usnally  appear  hr^  - 
the  third  day,  and  that  of  the  skiu  still  later.  The  1> 
the  obstruction  of  the  bile-passages  and  the  absorption  la«&, 
the  more  intense  does  the  icteric  cohmjiiifn  of  the  tissues 
become.  Tlie  skin  by  degrees  acquires  a  deep  yellow  huc» 
which  may  even  have  a  tinge  of  olive  in  it,  and  in  very 
extreme  cases  a  bronxe  or  greenish  shade,  completely  jnsti- 
fyiug  the  name  of  icteruM  virldu  or  meltis.  All  the  internal 
membranes  and  most  parenchymatous  organs  and  lissae* 
become  stained,  though  not  iu  au  ecjual  degree.  Thoso  which 
are  ill  sapplied  with  blood-  and  especially  lymph-ves9«U,  like 
cartilage,  the  cornea,  and  the  peripheral  nerves,  remain  un- 
alTected  ;  the  subntanco  of   the  brain  and  spinal  cord  abo 

*  Kaiferatk,  *  A.  (.  Physiol..'  iSSo,  p.  9a. 

t  Heid&nliAin,  *Stud.  tl.  (ihysiol-  last  xu  BrMUn,'  1864..  ii«ft  ir,  pc  ajj. 
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retains  its  natural  colour.  Any  chance  inflammatory  exu- 
dation will  of  course  be  stained,  and  tbe  same  may  be  said 
of  a  number  of  secretions.  The  bile-pigment  does  not,  how- 
ever, pass  over  into  all  the  secretions  :  the  saliva,  the  tears, 
the  gastric  and  pancreatic  juices,  and  also  mucus,  do  not 
become  icteric.  The  bile-pigment  is  dissolved  in  the  Suids, 
just  as  it  ia  in  the  blood  ;  and  the  tissues  also  owe  their  icteric 
coloration  in  the  first  instance  to  diffuse  imbibition  with  the 
colouring  matter.  In  the  skin  the  rete  Malpighi  is  chiefly 
affected  and  then  the  cutis,  and  it  is  probable  that  the  un- 
eqnal  capacity  for  imbibition  of  the  various  tissues  has  a 
certain  share  in  producing  the  unequal  intensity  of  the  stain- 
ing. But  in  cases  where  the  icterus  is  prolonged  or  especially 
ae^ore,  solid  pigment  is  also  met  with.  It  will  at  first  have 
the  form  of  fine,  and  later  on  of  coarse  particles,  which  are 
angular  or  irregularly  rounded  in  shape,  yellow,  brownish, 
or  greenish  yellow  in  colour,  and  undoubtedly  represent  in- 
soluble combinations  of  bile-pigment  or  its  derivatives.  These 
pigment-molecules  are  met  with  earliest  in  the  liver,  especially 
in  the  central  zones  of  the  lobules,  and  here  they  are  also 
wont  to  be  most  numerously  deposited.  After  the  liver,  they 
ftre  most  usually  met  with  in  that  organ  which  is  chiefly  con- 
cerned in  the  removal  of  the  bile-pigment  from  the  body, 
namely  the  kidney.  As  might  be  anticipated  in  the  case  of 
so  diffusible  a  substance,  excretion  from  the  kidneys  begins 
very  early,  and  although  the  dark  hue  acquired  by  the  urine 
▼ery  shortly  after  occlusion  of  the  ductus  choledochus  depends 
partly  on  an  increase  of  the  ordinary  urinary  pigment,^  it 
nsnaUy  gives,  even  after  forty-eight  hours,  the  unmistakable 
reaction  of  bile-pigment.  The  quantity  of  bile-pigment  thus 
excreted  is  usually  directly  proportional  to  the  intensity  of 
the  icterus  :  in  mild  cases  the  urine  is  eaffi'on-yellow  to  red- 
browDj  but  in  severer  ones  dark-brown,  or  even  black-brown 
to  colour.  In  ictems  neonatorum,  also,  bile-pigment  is  ex- 
creted by  the  kidneys.  In  severe  cases  where  the  children 
perish  directly  from  the  icterus,  the  quantity  thus  disposed 
of  ifl  very  large.  True,  there  occurs  in  this  form  of  icterus 
condition  not  met  with  in  any  other  kind  of  mechanical 

♦  Hopiw-$«yl»?r.  •  Pflug,  A./  x,  p.  ao8 ;  cf.  aUo  Kunkel,  '  Viroh.  A, 
hiU,  p.  4S5- 
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jaundice,  namely  a  crystalline  deposit  of  bile-pigment  in  the 
urinary  tubes,  in  the  form  of  moBt  beautiful  rhombic  prtstn« 
and  needles  of  bilirubin.  So  enoriiiouB  may  be  the  quantity 
of  these  bilirubin  cryst-als  in  fatal  caseSj  that  the  whole  of  the 
tnbnles  of  the  pyramids  are  actually  stuffed  fnll  of  them, 
giving  riae  to  a  perfect  "  hiliruhin-infarct."  These  infarcts 
are  larger  than  the  uric  acid  form,  and  are  only  distin- 
guished macroscopically  from  the  latter  by  their  intense 
golden  hue.  In  the  pelvis  of  the  kidney  I  have  also  re- 
peatedly observed  enormous  qnantities  of  large  bilirubin 
crystals;  at  the  same  time  the  tubes  of  the  cortex,  while 
containing  diffusely  golden  coloured  cylinders,  presented  only 
extremely  minute  bilirubin  crystals,  though  these  were  present, 
it  is  true,  in  large  numbers.  With  such  a  condition  of  the 
kidneys,  crystals  of  bilirubin  are  invariably  found  in  tho 
interior  of  the  vessels,  and  the  buffy  clots  are  usually  so  rich 
in  them  as  to  acquire  a  saturated  orange  colour.  There  is  no 
more  doubt,  however,  that  the  latter  appearance  is  due  to  a 
post-mortem  formation  of  crystals  than  there  is  of  the  Ante- 
mortem  origin  of  the  crystalline  deposits  in  the  interior  of 
the  urinary  tubules.  Why  the  biliary  colouriug  matter  of 
the  new-bom  has  this  marked  tendency — not  observed  in  later 
life — to  separate  out  in  crystalline  form,  I  am  quite  unable 
to  say.  For  the  rest,  the  excretion  of  the  pigment  in  the 
nrine  continues  as  long  as  the  jaundice  lasts,  ».  e.  for  some 
time  after  the  obstacle  to  the  evacuation  of  bile  is  got  rid  of. 
Compared  with  that  excreted  by  the  kidneys,  the  amount  of 
bile-pigment  removed  in  other  ways  is  certainly  inconsiderable. 
The  sweat-glands  are  the  only  parts  whose  share  in  excretion 
may  be  at  all  noteworthy. 

But  the  fate  of  the  hile-aalis  has  always  excited  more  in- 
terest than  that  of  the  pigment.  In  mechanical  icterus,  or 
icteruH  by  abNurption,  these  ealts  no  less  certainly  enter  the 
blood  than  does  the  colouring  matter  ;  and^  quite  apart  from 
theoretical  reasons,  we  possess  a  very  sharp  criterion  of  this 
in  the  dccrefutc  of  the  pule/f'rate.  It  has  been  shown  by  ex- 
periment  that  the  slowing  of  the  pulse  is  due  to  the  action  of 
the  r^    '-*  -  •    of  sodium  cholate,  whether  tl]'     ""  -*  is 

ascr;  claimAj  to  a  direct  action  on  li. 

•  Biiihrig,  *  A.  d.  HsQkV  Iv>  ^  3^^ 
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of  the  facartj  or,  as  Lowitt*  argues,  to  an  action  rm  the  vagus 
oentre.  If  no  pyrexia  complicates  the  mechanical  icterus  a 
slowing  of  the  pulse  is  never  absent,  and  may  Bometimes  be 
very  pronounced.  Again,  the  absoi-ption  of  the  bile-acids  is 
proved  by  their  presence  in  the  nriue,  evidence  of  which  was 
first  offered  by  Hoppet  and  Kuhne,|  and  which  has  been  re- 
peatedly confirmed  by  nameroua  later  writers.  But  though 
the  fact  that  bile-acids  can  be  detected  in  the  urine  in  every 
mechaDical  icterns  is  established  beyond  dispnte,  it  is  no  less 
certain  that  their  amount  is  extremely  slight.  What  under 
these  circumstances  becomes  of  the  other  absorbed  cholatea  ? 
Fur  that,  as  Leyden^  attempted  to  show  was  probable,  the 
bilo-aoids  excreted  in  the  urine  really  represent  the  whole 
amount  absorbed  cannot  be  maintained  iu  view  of  the  slow- 
ing of  the  pulse;  since  the  contents  of  the  blood  in  cholates 
would  not  then  suffice  for  the  production  of  tliisefEect.  Nor 
do  wc  know  of  any  part  except  the  kidneys  from  which  they 
might  be  excreted.  There  is  certainly  no  trace  of  them  in 
the  intestine,  as  is  proved  by  the  nature  of  the  intestinal  con- 
tents and  character  of  the  motions.  The  only  secretion  in 
which  they  have  been  found  so  far  is  the  urinary,  and  the 
sole  assumption  of  the^kind  remaining  open  is,  that  a  portion 
of  the  bile-acids  absorbed  is  again  given  up  by  the  liver-cells 
to  the  bile-capillai'ies.  But  no  such  strange  h^^iothesis  is 
required,  I  think  ;  a  more  natural  conclusion,  in  my  opinion, 
in  that  the  bile-acids  ai*e  distributed  from  the  blood  through- 
oat  the  whole  of  the  exudations  and  juices,  and  that  the  por- 
tion which  is  not  excreted  by  the  kidneys  ia  there  decomposed 
mod  destroyed.  This  assumption,  which  is  the  most  plausible 
of  all  when  considered  with  reference  to  the  fate  of  bile- 
acids  onder.  physiological  conditions,  is  the  only  one  that  har- 
monites  with  the  fact  that  icterus  by  absorption  may,  as  a 
rale,  continue  for  many  weeks  and  months,  without  seriously 
endangering  the  patient's  constitution.  For  we  know  that 
the  chelates  are  very  far  from  harmless,  but  possess  in  a 
marked  degree  the  inherent  capacity  of  lUfisolving  the  blood- 

•  Lowitt.  '(Pragerl  Zeitschr.  f.  Heilknnde/  ii,  p.  459. 

t  Hop|»«f '  Virch.  A.,'  xiii.  p.  101. 

J  Kiihne.  *  Virch.  A-,'  liv,  p.  310. 

§  Ijcrjd«D, '  Patbologie  dm  Ictenu/  p.  39. 
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corpxiscUs  :  and  if  a  considerable  accumulation  of  bil 
took  place  in  icterus  this  would  be  for  tho  blood  a  real  ^ 
occurrence.  I  am  very  far,  however,  from  wishing  to  deny 
the  possibility  that  some  of  the  blood-corpuscles  are  actually 
dissolved  by  the  bile-acids  absorbed  in  jaundice,  but  the  num- 
ber cannot  be  large^  as  the  passage  of  free  hsemoglobin  into 
the  transudations  and  urine  would  certainly  betray  it.  Wbil© 
it  is,  therefore,  established  that  no  great  accumulation  of 
chelates  takes  place  in  ordinary  icterus  in  the  blood,  the  fact 
that  the  remaining  symptoms,  in  the  great  majority  of  cased, 
are  scarcely  more  than  a  feeling  of  indisposition  and  languor, 
with  a  bitter  taste  in  the  mouth  and  itching  of  the  skin, 
speaks  unmistakably  for  the  view  that,  in  the  juicea  of  the 
parenchyma  also,  the  entrance  of  the  cholates  is  rapidly  fol- 
lowed by  their  destruction. 

But  if  these  symptoms,  called  forth  by  the  absorption  of 
the  biliary  constituents,  be  added  to  the  severe  digestive  dis- 
turbance occasioned  by  the  absence  of  bile  from  the  intes- 
tine, you  will  agree  with  me  in  pronouncing  every  absorptton 
icterus  of  some  duration  to  be  a  really  serious  affection.  Stfll 
the  icterus  will  very  frequently  be  borne  fairly  well  for  month^t 
or  even  years  ;  in  the  very  decided  majority  of  aatopsies,  it 
is  not  tbe  jaundice  itself  but  some  complication  or  other  that 
is  found  to  have  caused  death,  or  this  may  be  the  result  of 
the  disease  giving  rise  to  the  icterus,  as  H,g.  carcinoma  of 
the  bile-duct  or  duodenum.  Nor  is  it  by  any  means  &  rare 
experience  that  persons  who  have  been  intensely  jaundiced 
for  many  months  recover  completely  and  regain  their  former 
state  of  health,  when  the  stone  which  bad  obstructed  the 
duct  fortunately  slips  into  the  duodenum.  Still  you  must 
not  always  count  upon  so  comparatively  favoraJ)le  a  course 
in  mechanical  icterus.  It  sometimes  happens  that  when  Che 
affection  has  for  a  long  time  run  a  perfectly  typical  cour&tf, 
much   more  threatening  symptoms  are  anddonly  ■'  ■!, 

producing  the  clinical  picture  which  by  contrast  ^^::.  -.oi- 
nary  jaundice  has  for  ages  been  termed  icterus  gravis*  U^ 
in  the  absence  of  pyrexial  complication,  the  pulse  of  An 
iot«rio  personi  previously  slow,  experiences  a  consider* 
able  inoreaae  of  frequency,  and  at  the  aame  time  loaea  it* 
tension  and  becomes  easily  compressible,  this  alone  is  an  an- 
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favorable  sign  ;  and  the  approach  of  dangerous  symptoms  is 
also  often  indicated  by  petechice^  epistaxis,  and  bloody  stools. 
Bot  by  far  the  moat  characteristic  phenomena  in  icterus  gravis 
are  diaturbance/i  of  the  central  nervous  systetn.  The  patients 
become  drowsy  and  apathetic,  and  this  condition  speedily 
passes  on  into  somnolency  and  pronooncod  coma.  As  a  rule, 
the  coma  is  preceded  by  a  stage  of  excitement  with  busy  and 
isy  delirium  ;  and  even  when  the  patients  have  become 
laolent  the  coma  is  often  interrupted  by  fits  of  raving, 
the  Ixivfterrmt*  and  often  really  •maniacal  character  of  which 
is  almost  pathognomonic.  More  rare  than  such  violent  bursts 
of  delirium  are  eonvuhions,  observable  in  all  degi'ees  of  vio- 
lence from  a  slight  general  trembling  to  strong  clonic  spasms. 
In  the  end  the  patients  cannot  bo  aroused  from  the  deep 
ooma,  and  then,  probably  without  exception,  death  ends  the 
10.  The  post-mortem  appearances  in  these  cases  arc  also 
vxtremely  characteristic,  as  a  rule.  Three  series  of  changes 
strike  one,  mostly  with  equal  prominence: — i,  the  intensely 
icteric  coloration  of  the  tissues,  in  connection  with  the  ab- 
sence of  bile  from  the  intestine  ;  2,  small  and  largo  haemor- 
rhages into  all  parts  of  the  body,  the  subcutaneous  fat  and 
the  mediastinum,  tho  epi-  and  eudo-cardium,  the  lungs,  the 
gafttro-iDtestinal  canal,  the  omentum,  the  meninges  of  the 
brain,  the  pelves  of  the  kidneys,  &c ;  and  3,  an  extreme 
degm^  oi  fatty  chatujCj  &t  least  in  the  heart,  the  kidneys,  and 
the  liver,  and  sometimes  in  addition  of  the  voluntary  muscles, 
though  here  it  is  less  marked.  In  the  liver  the  appearances 
are  not  always  limited  to  a  combination  of  icterus  with  fatty 
change.  When  the  escape  of  bile  has  long  been  obstructed, 
a  more  or  less  extensive  increase  of  the  interstitial  connec' 
tir0  tisitu^  of  the  org^n  is  occasionally  found — a  condition 
which  led  Charcot*  to  distinguish  a  special  form,  cirrhoae 
biliaire,  from  the  ordinary  cirrhosis.  True,  I  do  not  agree 
ttB  to  the  applicability  of  the  view  that  this  interstitial  he- 
patitis is  set  up  by  the  irritating  qualities  of  the  stagnant 
bile,  fitting  it  to  act  as  an  exciter  of  iniiammation,  or  by  an 
indammatiou  of  the  bile-ducts  starting  from  the  ductus  cho- 

*  Ohucotet  Gombatih, '  Arcli.  tie  phys.  normale  et  pathol./  1876,  p.  372, 
453;  Dq  C<wt«l,  'Arch,  gouf^r.,'  1876,  Sept.;  J.  Wickbam  Lcgg.  '  Lancet.* 
1877*  ii(  No.  6  ;  Aukenuaan,  *  Virvli.  A./  \nx,  p.  396. 
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ledochns  and  extending  into  tbe  liver.  The  slowly  and  gradn* 
ally  increasing  ectasis  of  the  bile-dacts,  as  the  reaalt  of  oc- 
clusion of  the  dnctua  choledochus,  must,  when  fairly  well 
markedj  necessarily  cause  atrophy  or  even  destraction  of  the 
hepatic  cells  forming  the  peripheral  zones  of  the  lobnlos ; 
and,  just  as  in  all  other  parts,  tbe  disappearance  of  the  pa- 
renchyma is  followed  by  an  increase  of  the  interstitial  con- 
nective tissue.  Moreover  Beloussow*  has  shown  that  in 
biliary  stagDation,  more  especially  when  rapidly  developed, 
there  take  place  numerous  small  raptures  of  the  minate 
bile-ducts,  which  themselves  give  rise  to  circumsoribed 
necrotic  foci  m  the  hepatic  tissue,  also  followed  by  con- 
secutive inflammatory  formation  of  connective  tissue.  The 
intensity  of  these  last-named  changes — the  destruction  of 
the  liver-cells  and  the  secondary  cirrhosis — may  vary  cx- 
tremely,  being  at  one  time  very  considerable,  at  another 
scarcely  perceptible. 

It  is  this  variable  character  that,  in  my  opinion,  forbids 
us  to  make  the  icterus  gravis  depend  upon  the  disappearaoce 
of  the  hepatic  cells.  And  those  writers  alsd  who  regard 
the  symptoms  above  described  as  the  expression  of  an 
"  acholia"  have  not  had  this  kind  of  destructive  process  in 
mind,  but  a  much  more  extensive  disappearance  of  the 
hepatic  parenchyma.  Now  it  would  certainly  be  theoreticAliy 
conceivable  that  the  interlobular  veins  may  be  so  compressed 
by  the  ectatic  bile-ducts  that  the  capillary  circulation  of  the 
lobules,  and  by  consequence  the  nutrition  of  the  hepatic  oclls, 
are  reduced  to  a  quite  inadequate  standard  ;  and  following 
out  this  idea  the  hmmorrhages  from  tho  stomach  and  intas- 
tine  have  been  attributed  to  mechanical  hypersemia.  Still 
we  may  decline  to  discuss  this  possibility  simply  because  in  a 
decided  majority  of  the  castas  of  icterus  gravis  t)ie  hirpatic  cell» 
are  (horoughly  irtill  prtaerved.  The  only  alterations  displayed 
by  them  are  jjiyvtentation  and  ftttty  change  ;  and  the  assump- 
tion that  the  cells  containing  the  pigment  and  fat  no  longor 
perform  their  functions,  and  in  i>articular  produce  no  bile, 
hasj  so  far  as  I  see,  no  grounds  to  support  it.  No  lesH  in- 
adequate is  the  explanation  of  Leyden,t  who  attributes  the 

*  B«1oTUiOW,  *  A.  f.  expvrirwDt.  Pathol./  xiv,  p.  3oo. 
t  Leyden.  loo.  dt.*  p.  i8o  d  nq. 
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j^raro  aymptomB  of  the  icterus  to  a  true  cholssmiat  t.  e.  &n 
ov€rloadin(j  of  the  hloodwith  cholales,  wtichitself  is  supposed 
to  depend  ou  a  falling  of)'  in  their  emcretioii  by  the  kidneys. 
Tot,  in  the  first  place,  a  diminution  of  the  nrinarj  secretion 
i«  very  far  from  a  constant  symptom  of  iotorua  gravis ;  and, 
in  the  second  place,  the  quantity  of  bile-acids  excreted  with 
the  nrine  in  mechanical  icterus  is  much  too  trifling  in  com- 
parison with  the  total  amount  absorbed,  for  their  non-excre- 
tion to  be  followed  by  such  serious  consequences  :  the  organ- 
ism, which  can  dispose  of  so  much  larger  quautities  of  cholatea, 
would  have  the  power  of  destroying  this  trifling  increase  also. 
From  the  standpoint  just  taken  up  by  uSj  it  is  obvious  that  an 
orerloading  of  the  blood  with  bile-salts,  an  actual  choleemiai 
oonld  at  most  result  from  the  further  incapacity  of  the  organism 
to  decompose  and  render  innocuous  the  salts  absorbed.  But 
who  can  say  whether  the  living  organism  can  ever  lose  this 
capacity  ? 

It  would  at  any  rate  be  very  desirable  to  explain,  if  pos- 
sibloi  the  symptoms  of  icterus  gravis,  without  having  recourse 
to  an  hypothesis  hucIi  as  this,  which  so  far  is  incapable  of 
proof.  And  I  beliovo  it  to  be  possible.  For  on  analysing 
the  complex  of  clinical  symptoms  and  anatomical  appearances 
which  together  make  up  the  picture  of  disease  now  under 
discuBsion,  it  is  evident  tLat  the  icteric  coloration,  usually  so 
intenM  throughout  the  entire  body,  requires  no  special  eluci- 
dation. With  two  of  the  remaining  symptoms  we  are  already 
familiar,  namely,  the  hsemorrhagos  and  the  fatty  changes. 
The  biemorrhages  have  quite  a  scorbutic  character ;  and  with- 
out wishing  now  to  decide  whether  they  occur  by  rhexis  or 
by  diapedesis,  t.  e.  whether  they  depend  on  increased  lacera- 
bility  or  on  increased  permeability  of  the  vessel-walls  (cf. 
vol.  i,  p.  89C),  we  need  not  hesitate  to  declare  that  they  are 
the  manifestation  of  the  affect  exerted  by  the  defective  constitii- 
Uon  of  the  blood  on  tho  ntUrilion  of  th^  vessel-walU,  As  re* 
gards  the  fatty  changes,  you  know  from  former  discussions 
that  they  are  mainly  attributable  to  abnormally  increased 
ditinifsjrntion  of  albumen.  The  caase  of  this  disintegration 
haa  already  been  hinted  at ;  it  is  chiefly  the  absence  of  bile 
from  (he  intestines.  As  formerly  stated,  an  individual  in 
whom  the  absorption  of  food-fat  is  reduced  in  the  extremOj 
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mast^  in  order  to  support  liSe,  secure  the  necessary  supply  of 
fat  by  separating  it  from  albumen.  But  for  this,  enormous 
quantities  of  albumen  would  be  necessary,  more  even,  in  long- 
continued  stoppage  of  bile,  than  the  digestive  organs  can  pro- 
vide, GSpecially  when  the  pancreas  is  at  the  same  time 
crippled.  The  inevitable  result  of  this  will  be  a  c«ll  upon, 
and  splitting  up  of,  the  albumen  of  the  body  itself.  In  addi- 
tion there  occurs  a  solution  of  some  of  the  blood-corpuscle*, 
which,  though  moderate  in  amount,  is  continuous,  and  the 
importance  of  which  is  here  intensified  by  the  difficulty  of  re* 
placing  the  cor]>uscIes  owing  to  the  defective  nutrition.  And 
there  is  also  the  injury  to  the  Iieart  and  its  ganglia  which 
persists  during  the  entire  affection,  and  expresses  itself  at  first 
only  by  a  slowing  of  the  pulse-rate,  but  usually  after  a  time 
by  a  lowering  of  arterial  pressure.  If  there  be  a  disease 
which  must  necessarily  lead  to  impairment  of  the  composi- 
tion of  the  blood  as  well  as  to  imperfect  nutrition  of  the  body 
and  the  organs  composing  it,  this  disease  is  long-persisting 
mechanical  icterus.  And  this  being  so,  the  severe  cerebral 
disturbanc€»  are,  I  believe,  explainable  without  any  need 
for  supposing  a  specific  poisonous  action  of  the  bile-acids, 
though  such  action  is  not  impossible.*  For,  as  Tr&ubet  many 
years  ago  declared,  the  cerebral  symptoms  in  the  so-called 
cholaemic  are  not  essentially  to  be  distinguished  from  the 
similar  disturbances  so  often  observed  towards  the  end  or  after 
the  crisis  of  acute  diseases  which  have  run  a  rapid  course  j 
they  have  the  characters  of  so-called  delirium  of  inanition, 
or  of  auflsmic  couvnlsions.  Accordingly,  the  fuodBmenUJ 
conditions  necessary  to  the  development  of  icterus  gravis  are 
really  presented  by  every  long-standing  mechanical  jaundioe  ; 
yet  for  its  actual  development  a  number  of  special  circum- 
stances must  coincide.  Above  all,  it  cannot  possibly  make 
its  appearance  so  long  as  the  loss  of  fat  can  be  compeosated 
by  the  digestion  ;  and,  further,  its  occurrence  is  decidedly 
favoured  by  the  somewhut  fiudden  failure  of  the  cor  ry 

digestive  action.  Where  it  is  not  sudden,  a  i:.^. ^  ,  te- 
rioration  of  the  blood  attended  by  the  consequences  already 
described  does  not  ensue.     The  body  then  falls  a  graduiU  prey 

•  Luwitl,  (IVijjfer)  'Zoilwhr.  f.  H«lkunde,  u,  p.  459. 
t  Tr»uh«f  *  Gc»ammelt«  Abb&ndL,'  ii,  p.  81^. 
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to  the  bIowIj  progressive  marasmas,  and  to  this  tlie  patient^ 
extremely  emaciated  and  reduced,  finally  euocumbs. 

Bat  if  the  view  just  explained  be  correct,  and  we  may  re- 
gard icterus  gravis,  not  as  a  specific  picture  of  diHease,  bat  as 
the  expression  of  a  deterioration  of  the  blood,  with  tnanituyii 
— cJiiejly  brought  abotd  by  an  uhvomuilly  ahniidant  diieintegra' 
<*OH  oj  the  albiinwtt.  of  the  body, — and  accompanied  by  extreine 
jaundice  ;  then  the  entire  complex  of  symptoms,  except  the 
ieterQs,  mnst  also  occur  under  other  circumstances,  provided 
Bn  abnortDally  increased  disintegration  of  the  albumen  of  the 
body  is  initiated  by  some  agency  or  other.  Hero  I  may  re- 
mind you  of  acute  phosphorue^poi^oning,  in  which  the  urine 
bears  the  most  striking  testimony  to  the  extreme  increase  of 
albuminous  waste  (vol.  ii,  p.  t>71).  In  it  you  End  precisely 
ibi)  same  fatty  changes,  the  same  haemorrhages^  the  same 
ewufy  oompresBible  pulse,  the  same  prostration  and  somno- 
loiice  ;  and  if  the  maniacal  delirium  is  absent  as  a  rule,  it 
IB  well  to  oonaider  whether  the  phosphorus  does  not  exert 
&  specially  depressing  action  on  the  functions  of  the  brain. 
At  any  rate,  the  typical  so-called  cholwmic  Hcizures  are  not 
absent  in  another  disease,  which,  greatly  to  our  disadvantage 
in  understanding  it,  has  repeatedly  been  confounded  with 
icterus  gravis — I  refer  to  acute  hepatic  atrophy.  Here  every- 
thing corresponds  with  what  is  seen  in  icterus  gravis,  the 
hiemorrhagcs,  the  fatty  changes,  the  pulse,  the  cerebral  dis- 
turbances, everything — except  the  complete  occlusion  of 
the  bile-passages.  In  this  disease,  consequently,  jaundice 
may  not  occur,  or  if  present,  will  always  be  very  slight,  like 
that  observed  in  simple  catarrhal  icterus  ;  the  contents  of  the 
bowels,  also,  are  never  quite  uncoloured.  This  being  so,  the 
extreme  increase  of  albuminous  waste  cannot  be  referred  to 
a  want  of  biio  in  the  intestine  ;  while  the  occurrence  of  sucb 
waale  u  clearly  evidenced  by  the  urine.  It  must  be  quite 
aaoiber  cause,  though  at  present  unknown,  that  in  this  disease 
gives  rise  to  those  profound  changes  in  the  metabolism  of  the 
body  which  in  icterus  gravis  are  brought  about  by  long- 
ountiuued  absence  oE  bile  from  the  intestine.  But  whether 
the  tmknowzi  agent  exerts  its  destructive  influence  in  the  first 
ioAtance  on  tho  liver,  and  by  its  action  on  this  organ  initiates 
Ute  mcteafled  albuminous  waste,  or  whether  the  degeneration 
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of  the  liver  is  only  a  part-phenomenon  or  a  conReqnence  of 
the  profound  derangement  of  metabolism^  cannot,  as  recently 
stated  (vol.  iii,  p.  891),  be  decided  in  the  present  stutc  of  oar 
knowledge.  Still  the  fact  that  atrophy  of  the  liver^  is  deva- 
loped  in  somewhat  chronic  phoaphoras-poisoniugaUo,  in  Bome 
measure  tells  in  favour  of  the  second  alternative. 


Despite  the  many  evident  imperfections  in  our  knovrledgtt 
of  icterus,  the  subject  is  one  with  which  w^e  are  well  ae* 
qaainted  as  compared  with  the  second  side  of  the  liver's 
activity,  the  7>ror/ur^to>t  of  glycogen.  Not  that  we  here  enter 
a  little  explored  province.  On  the  contrary,  there  is  scarcely 
another  subject  in  physiological  chemistry  which,  during  the 
two  decades  that  have  elapsed  since  the  discovery  of  hepatic 
glycogen  by  Bernard  and  Kensen,  has  attracted  such  a  host 
of  scientific  workers.  These  experimenters  have  been  drawn 
no  less  from  the  ranks  of  paiholou-jats  than  o[  physiologists, 
because  nowhere  else  do  pathology  awd  physiology  so  inti- 
mately tonch.  We  are,  moreover,  in  possession  of  a  number 
of  well-established  facta  with  regard  to  it.  We  know  that 
the  glycogen  is  contained  in  mauseH  iu  the  interior  of  hepatic 
cells,  irregularly  distributed  throughout  the  lobules,  and  that 
it  can  be  rendered  recognisable  under  the  micruscopc  by  means 
of  Lngol's  solution.!  We  are,  further,  fairly  well  informed  at 
to  the  conditions  on  which  its  presenoe  in  the  liver  depends. 
Food  is  undoubtedly  the  chief  factor  influencing  it — a  fact 
confirmed  by  all  writers  since  Bernard's  tirst  ubservations. 
Thus,  in  prolonged  starvation,  the  glycogen  complelely  dis* 
appears  from  the  liver  of  rabbits,  dogs,  guinea-pigs^  heiu, 
pigeons,  &c. ;  and,  on  the  other  hand,  accumaiatea  moat 
abundantly  when  the  animals'  diet  conaisbs  of  a  plentifal 
supply  of  mixed  albuminous  substances  and  cai*bohydrsto«. 
A  very  energetic  discussion  ha&  quite  recently  been  carried 
on  with  regard  to  the  intimate  relations,  the  theory,  if  yoD 
will,  of  this  production  of  glycogen.      Very  mncb  as  we  found 

•  Cf.  Kiwnkel,  '  licrL  klin.  Woolxanachr./  187S.  No-  19  ;  SmuiD,  *  Vw- 
tcljttlinclir.  f.  gerichtl.  Medicin,'  K^  F.  xxxili,  p.  Ci. 

f  Bt«k  uui  HoifjuADo, '  Vtrch.  A./  Ivi.  p.  aot.'    TIi  li»* 

tribuUon  of  tbo  glycogen  in  the  liver  appean  to  ho  di,  ,  lal 

tbrooghc  SfHtgco  (utd  KrmtMhm«r  ('  PflOg.  A./xxu,  |».  i^i  £«(puil 

tho  orgmi,  point  of  rUw,  m  a  unit. 
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whou  discusBing  tbe  formation  of  fat,  80  here  it  has  been  iu- 
ferred  chat  because  the  iutroduction  of  sugar  into  the  intos- 
iinoti,  or  better  into  a  tributary  of  the  portal  vein,  in  starv- 
ing auimals,  is  quickly  followed  by  the  appearance  of  gly- 
cogen in  the  liver,  the  glycogen  is  produced  from  the  sugar 
bjr  the  formation  of  au  anhydride.  Yet  though  the  fact  it- 
self ifl  indisputable^  it  has  been  shown  by  Forster*  that  the 
'  '  '■  of  glycogen  produced  under  these  circumstances  ia 
1  11  approximately  equal  to  the  amount  of  sugar  intro- 

i]uc«dy  but  forms  an  insignificant  fraction  of  it.  Moreover, 
-BCd''  '■  '  Wol£Fberg,t  when  the  amount  of  sugar    given 

ran  L  same,  and  is  accompanied  by  the  administration 

of  incrcaaing  quantities  of  dried  and  pulverised  flesh,  the 
glyoogOQ  contained  in  the  liver  becomes  proportionately  aug- 
nicniod.  Further,  Naunyn,J  WollTberg,  v.  Moring,^  and 
otJiora  have  more  recently  observed  an  accumnlation  of  gly- 
oogon  in  the  liver  after  an  albuminous  diet,  completely  free 
froto  carbohydrates.  Lastly,  the  liver  iu  hybernating  animals 
cootoiDS  considerable  quantities  of  glycogen,  although  the 
lutimAla  do  not  cousume  a  particle  of  carbohydrates  for  mouths 
togother.jl  In  view  of  these  facts,  the  question,  in  my 
opinion,  is  not  whether  carbohydrates  or  albuminous  bodies 
Mtr  •'  :<  nts  of  the  glycogen  ;  we  can   at  most  dis- 

bfisas  Ay  that  be^des  albumen  other  glycogen-hHihiefB 

It  appears  to  me^  too,  that  iu  putting  the  question, 
no  **'  tly  sharp  distinction  has  been  drawn  between 
the  "in  and  the  «rcu;/i«/(»/^m  of  glycogen.      For,  as 

WnJfflwrg  justly  remarks^  we  cannot  in  the  least  infer  how 
moch  glycogen  is  produced,  from  the  amount  present  in  the 
liver.  Tho  case  exactly  resembles  that  of  fat  and  the  other 
decomposable  constituents  of  tho  body;  everything  depends 
on  the  amount  of  con$umpt\on  taking  place,  coincidcntly.     A 

•  ,1    v\  .^i.—  •Sit«ung»ber.  d.  boyr.  Akad.  d.  WiBsensoh./  1876,  p.  138. 
f  '  Zeil»chr.  f  Biol./  liv,  p.  266. 

j  Arch,  f-  expprim.  Pathol.,'  iii,  p.  85,  et  aeq* 

§  '  Plliiu*  Arch.,'  xiv,  p.  274. 

Il  i:<in  iibord.  Zuckerhild.  in  d.  Leber/  p.  30-    Acby, 

*Ar-  ..'  iU,  p.  180;  Voit,  *  ZeiteoUr.  f,  Biol.,'  xiv,  p.  iia, 

*  PlIuK.  A./  txW,  p,  74)  i)t,  it  is  tntf,  incline*!  lo  n-piinl  tho 
IfiBii:  ;  iu  hybcmating  animali  v»  the  romiLiiu  of  the  gljcogcu  nccu- 
muUt«1  b;  th«  iituni»U  »t  tli«  Wginiiing  of  their  sleep. 
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large  qaantity  of  glycogen  may  be  formed  in  the  livor^  and 
yet,  if  there  be  a  corresponding  destruction,  very  littl©  will 
be  present  in  tbe  orgnn  ;  while  if  there  be  no  doBtmction,  a 
very  trifling  production  may  lead  to  a  very  considerable  ac- 
cnmnlation.  The  manufacturo  of  glycogen  is  evidently  a 
continuous  function  of  the  liver-cells,  which,  like  all  other 
fanctionB,  may  vary  in  intensity,  and  will  certainly  be  most 
energetic  when  the  body  is  well  nourished.  But  that  it  is 
not  oxtiDguished  during  faeting  is  proved  by  the  livers  of 
hybemating  animals  ;  in  them,  owing  probably  to  the  ftbsenoe 
of  muscular  movements,*  the  glycogen  accumulat-es  undecora- 
posed,  while  in  an  ordinary  condition  the  consumption  keeps 
pace  with  the  production.  The  carbohydrates,  then,  do  not 
form  glycogen,  but  preserve  it ;  at  least  they  are  engaged  in 
its  formation  only  in  so  far  as  their  consumption  augments 
the  disintegration  of  albumen  :  their  main  office  is  to  pre* 
serve  the  glycogen,  the  easily  decomposable  sugar  pi-otecting 
the  latter  against  further  chemical  change.  To  the  import- 
ance which  attaches  to  the  poverty  of  the  blood  of  the  hepatic 
capillaries  in  oxygen,  as  allowing  the  accumulation  of  glyco- 
gen  in  the  liver,  your  attention  has  already  been  repeatedly 
drawn. 

The  capacity  of  producing  glycogen  is  obviously  dependent 
on  the  integrity  and  normal  constitution  of  the  hepatic  cells. 
It  need  hardly  be  said)  therefore,  that  an  abnormally  small 
amount  will  be  formed  when  a  great  part  of  the  hepatic  pa- 
renchyma is  compressed  by  tumours  or  by  ecliinococci,  or 
has  been  obliterated  or  destroyed  by  suppuration,  amyloid 
degeneration,  or  some  atrophic  process.  This  also  applies 
to  extreme  fatty  liver,  in  which  the  fat  has  originated  at 
the  expense  of  the  albumen;  thus,  Saikowskyt  has  deter- 
mined the  entire  absence  of  glycogen  from  livers  which  wer© 
fattily  degenerated  as  the  result  of  phosphorus-  or  arsenic* 
poisoning.  In  soch  investigations,  however,  it  is  occM* 
sary  to  bear  iu  mind  that  the  amount  present  in  the  Hver 
will  be  very  greatly  influoncod  by  the  notritive  condition  of 
the  animal.  Uence  Bernurd's  emphatic  statement  that  a  greal 
abundance  of  glycogen  cannot  be  counted  on  in  the  livork  of 

•  Voit,  loc.  cit  i  cf.  aUo  Kill*.  *  PflQg.  A-/  xxiv,  |>.  41. 

t  8»ikow»ky, '  Virch.  A./  xxxiv,  p.  73^  •  Mcm!.  OntrftlliL,*  1W5,  p.  ^, 
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iinais  which  are  from  any  cause  diseased  ;  while  as  for  the 
'fcct  established  by  Manassoin,*  that  in  the  pyre^ria  of  animals 
the  hepatic  glycogen  undergoes  a  marked  diminution,  and 
may  even  disappear^  it  would  be  hard  to  decide  in  how  far 
this  result  shonld  be  referred  to  the  defective  state  of  nutri- 
tion of  the  diseased  animals.  One  might  almost  be  tempted 
to  take  up  a  similar  position  with  regard  to  the  disappear- 
ance of  glycogen  which  several  observerst  have  determined 
to  occur  alter  ligature  of  the  ducttu*  clwledochu^ ;  yet  the 
falling  off  in  the  glycogen-conteuts  of  the  liver  here  follows 
too  rapidly  to  allow  of  our  excluding  the  exertion  by  the 
Operation  of  a  spocitic  influence  on  the  glycogen-formiug  or 
perhaps  glycogen-destroying  capabilities  of  the  hepatic  cells. 

Onr  real  difficulty  begins,  however,  only  when  we  attempt  to 
come  to  a  conclusion  as  to  the  importance  for  the  organism  of 
the  variations  in  the  amount  of  glycogen  produced  and  stored 
np  in  the  liver.  As  the  result  of  a  large  number  of  ex- 
tremely accurate  investigations,  it  is  now  certain  that  sugar 
if  a  regulKiT  and  constant  constituent  of  the  hlood'tferum^  and 
that  even  after  long  starvation  and  iu  exhausting  diseases  it 
is  present  in  it  in  scarcely  diminished  quantities,  and  never 
completely  disappears  during  life.  But  this  by  no  means 
implies  that  the  hepatic  glycogen  has  anything  to  do  with 
ihe  Bogar-coutents  of  the  blood.  The  fact  that  a  formation 
of  sugar  invariably  takes  place  at  the  expense  of  the  glyco* 
gen  in  a  liver  removed  from  an  animal,  naturally  from  the 
first  Kugge^ted  the  idea  of  a  constant  conversion  during  life 
also,  by  the  aid  of  a  ferment  present  in  the  liver.  The  ob- 
jection taken  to  this  assumption,  that  when  the  liver  is  mani- 
polated  with  all  possible  H])eed,  at  most  only  traces  of  sugar 
ai«  detectable  in  it,  has,  it  is  obvious,  no  serious  importance, 
maamnch  ai^  the  new-formed  sugar  may  at  once  be  carried 
off  by  the  blood.  Yet,  although  the  possibility  of  this  trans- 
formation of  hepatic  glycogen  iuto  sugar  will  not  be  disputed^ 
tho  evidence  brought  forward  by  Bernard  in  proof  of  it  is 
now    very  far  from  incontrovertible.      Bernard,  as   is  well 

*  ManiiMein.  '  Vtrcb.  A./  lri»  p.  aao. 

t  J.  V  i    iJrg,  '  Brit  Med.  Journ.,'  1876,  368  ;  'A.  f.  exp.  Path./ 

ii,  p.  3^4  ,  •..*  Med. C«ntndbl./  1875, p.  1 13. 391 ;  Kiilz  und  Freriohi, 

•  ntn^.  A.,'  iiii,  p.  460. 
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knowiij  based  his  view  on  the  alleged  fact  that  the  blood  of 
the  arteries  contains  more  sngar  than  does  that  of  the  Teins 
of  the  extremities,  so  that  between  the  periphery  and  the 
heart  there  mnst  be  situated  an  apparatus  by  which  sugar 
is  produced.  He  attached  still  greater  importance  to  com- 
parative analyses  of  the  blood  contained  in  the  portal  and 
hepatic  veins.  Except  during  digestion,  he  found  the  portal 
blood  free  from  sugar,  but  could  always  detect  its  presence 
in  the  blood  of  the  hepatic  vein.  None  of  these  results  have 
been  confirmed  by  the  most  recent  writers,  working  with  im- 
proved methods.  Abeles,*  v.  Mering,t  and  others  found, 
on  the  contrary,  that  whQe  the  amount  of  sugar  in  the  blood 
varies  within  certain  limits,  there  are  no  noteworthy^  or  at 
all  constant,  differences  in  the  sugar-contents  of  the  different 
vessels.  In  particular  they  not  only  did  not  fail  to  detect 
sugar  in  the  portal  vein,  but  discovered  that  its  amount  in 
fasting  animals  is  the  same  as  that  of  the  blood  in  the  carotid. 
More  than  this ;  during  the  digestion  of  amylaceous  matters 
and  sngar,  v.  Mering  found  the  blood  of  the  portal  to  con- 
tain considerably  more  than  that  of  the  hepatic  vein.  Even 
the  statement  of  Bock  and  Hoffmann, :(  that  the  blood  loses 
its  sngar  in  forty-five  minutes  after  the  liver  is  cut  off  from 
the  circulation,  has  not  been  confirmed  by  Abeles  ;§  and  even 
if  the  occurrence  were  established,  the  conclusions  to  be  drawn 
from  it  would  be  open  to  doubt  on  account  of  the  severity 
of  the  operative  procedure.  But  since  even  after  long  star- 
vation the  amount  of  sugar  in  the  blood  is  scarcely  dimin- 
ished, while  only  traces  of  glycogen  remain  in  the  liver,  Abeles 
seems  to  me  to  be  correct  in  concluding  that  analyses  of  the 
blood  do  not,  so  far,  justify  us  in  regarding  the  liver  and  its 
glycogen^contents  as  a  source  of  the  sugar  normally  present  in 
the  blood.  Unfortunately,  too,  we  are  not  in  a  position  to 
replace  Bernard's  theory  by  a  better  established  one.  There 
is  no  doubt  of  course  that  the  glycogen  produced  and  stored 
up  in  the  liver  disappears  from  it  and  is  finally  bnmt  into 

•  Abeles,  *  T/Tien.  med.  Jahrb./  1875,  Hft  3. 

t  V.  Mering,  *  A.  f  Anat.  u,  Phygiol.,*  1877,  Phys.  Abth.,  p.  379,  oon- 
tains  references  to  liteiatare 
i  Bock  und  Hoffmann,  *  Experimentalstadien  uber  Diabetee,*  Berlin,  1874. 
§  Abeles, '  Wien.  med.  Jahrb./  1875.  Hft.  3. 
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CArboQic  acid  and  water.  We  also  know  from  Kulz  that  forced 
and  prulonged  muscular  exertion,*  as  well  as  marked  reduc- 
tion of  an  animal's  temperatTire,t  greatly  accelerates  the  de- 
composition of  glycogen.  But  the  details  of  the  decomposi- 
lion  are  still  completely  hidden  ;  we  know  nothing  of  the 
intermediate  and  preliminary  stages  of  the  oxidation  ;  and  al- 
though, obviously,  it  cannot  for  a  moment  be  supposed  that 
the  glycogen  is  transported  in  substance  from  the  liver  to 
other  parts,  e.  g.  the  muscles,  we  are  unacquainted  even  with 
the  localities  in  which  it  undergoes  its  successive  changes. 

But  ought  we  to  rest  content  for  the  present  with  these  per- 
Fectly  negative  results  ?  Should  we  not  rather  bear  in  mind 
the  inade^iuacy,  more  than  once  expresBed,  of  all  conclusions 
based  on  comparative  anal^'ses  of  the  blood  ?  There  are,  in 
tmth^  certain  facts  which,  despite  all  that  has  preceded,  speak 
in  a  most  uninietakable  way  for  the  existence  of  intimate 
relations  between  the  hepatic  glycogen  and  the  sugar  of  the 
bloud.  I  have  now  in  mind  that  process  on  which  is  con- 
centrated the  main  interest  of  the  entire  glycogen-question 
for  the  pathologist,  namely  artificial  dinhetcM  mcllitu^.  We 
speak;  you  are  aware,  of  diabetes  mellitus  when  the  urine 
contains  an  amount  of  grape-sugar  that  may  be  recognised 
by  il«  rotating  the  plane  of  polarisation  to  the  right,  by 
Trommer's  test,  and  by  fermentation.  Normal  urine  also 
contains,  it  is  true,  at  all  times  a  quantity  of  sugar — a  fact 
first  proved  by  Briicke,  since  often  disputed,  and  again  and 
again  confirmed  by  other  writers. J  But  the  amonnt  nor- 
mally present  is  too  small  to  allow  of  our  ever  obtaining  the 
cliaractoristic  reactions  except  by  adopting  a  complicated 
Bpccial  preparatory  process.  This  poverty  of  the  normal 
arine  in  sugar  corresponds  with  the  insignificant  amount  con- 
Uktned  in  normal  blood  ;  only  when  the  blood  becomes  richer 
in  SDgar  iloos  a  larger  quantity  pass  over  into  the  nrine. 
Tho  normal  amount  of  sugar  in  the  blood  does  not  usually 
reach  and  rarely  exceeds  o'l  percent.,  though  it  varies  a  little 
with  Ihe  species  and  also  among  different  members  of  the 

•  KnJi.  •  Pfiiig.  A-/  Miv,  p.  41. 
t  Ibid.  p.  46. 

X  lt«  moat  recent  confirmation  w  the  paper  of  Abolcs,  *  Med.  Centrlbl,,' 
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same  species.  The  following  amoants  pro  viille  havo  l>eeii 
determined  : — Pavy*  found  ou  the  average  in  dogs*  blood 
0*787,  sheep^R  blood  0*521,  ox-blood  0*543  ;  Abeles,t  on  the 
average  in  dogs  0*5  ;  Bock  and  HoffmannJ  in  rabbits  0*7 — 
I'l  ;  in  cats,  Bohm  and  Hofftnann§  obtained  a  somewhat 
higher  mean,  1*5;  v.  Meriugy  determined  the  &ugar-coutt.'nt8 
of  the  blood-serum  of  dogs  to  be  between  ri  and  2*3,  and, 
in  serum  obtaiued  by  7en£esection  from  two  persous  sufferiag 
from  pneumonia,  ho  found  respectively  1*2  and  1*3  of  sugar. 
Corresponding  with  this,  there  is  also  a  variation,  within  cer* 
tain  limits,  of  the  value  thiit  must  be  attained  by  the  sug^ar- 
contents  of  the  blood  before  sugar  can  be  excreted  with  the 
Diine  in  easily  detectable  quantities  :  for  the  dog,  according 
to  Bernard,  these  limits  are  2*5 — 3  pro  niilh,  in  rabbits  some- 
what higher.  Diabetes  simply  implies,  accordingly,  on  ab- 
normal increafte  of  the  tmgar  of  the  btoini,  and  in  seekiug  to 
explain  the  disease,  the  problem  requiring  solution  is,  the 
causes  of  the  richness  of  the  blood  in  HUgar. 

Now — quite  independently  of  the  direct  injection  of  a  solu- 
tion of  grape-sugar  into  the  vascular  system — we  are  ac* 
quainccd  with  a  very  great  number  of  methods  by  which 
rabbits,  dogs,  cats,  frogs^  and  other  animals  may  in  a  short 
time  be  rendered  diabetic.  If  we  cause  the  animals  to  in- 
hale carbonic  oxide  or  amyl  nitrite,  or  narcotise  them  with 
ether,  morphia,  or  chloral  hydrate,  or  administer  a  poisonoiu 
dose  of  strychnine,  corrosive  sublimate,  turpentine,  or  of 
any  of  a  number  of  other  substances, T  we  may  be  prepared 
to  find  a  more  or  less  marked  glycosuria.  Even  after  tho 
introduction  of  large  quantities  of  a  weak  salt-solution  into 
the  vascular  system,  rabbits  aud  albo  dogs  become  diabetic.** 
As  the  result  of  various  disturbances  of  the  nervous  ay^tem, 
the  urine  may  also  contain  sugar.     Gats,  in  particalar,  in, 

•  Pavy,  •  Med.  Centilbl..*  1877,  p.  630. 

t  Abtles.  *  Wieii.  nic<L  Jidirb.,'  i**75.  Hft  3. 

*  Bock  unii  Hoffnmnn, '  Exfterin  iKclc*,'  BRrUn«  l874.- 
§  Bohm  iiDtl  HofTiuiLUiii  '  A.  f,  ■  ■                                  [■.  371. 

II  T.  Meriog. '  A.  f.  Aimt.  u.  Pbviiol..'   1677.  Fiiya.  AUb.<  p.  379.    Coa- 
t&ini  rsfercfiocii  lo  1it«t«tuiv. 

f  Cf.  Setuitor*ft  «tat«mentj  od  thi«  ptiint.  *  2iotiiMwii*«  HAndb*,*  xiiS« 
p.  481,  fi  ietj. 
^  Boi-k  unJ  Uoifmann,  *  A.  f.  Aiut.  and  Thyn./  1871.  p.  550. 
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iblood,  it  is  true,  a  comparatively  large  amount  of  sugar 
lis  normally  present,  become  diabetic  after  all  possible  kinds 
of  iujury  ;  the  securing  of  the  animals  on  the  operation  table 
suffices  to  produce  it,  especially  when  at  the  same  time  ti*acheo- 
tomy  18  performed.*  With  regard  to  diabetes  produced  by 
injury  to  the  bram  and  spinal  cord,  as  well  as  to  the  sym- 
pathetic and  its  ganglia,  there  already  exists  a  very  extensive 
literature.t  Of  all  the  methods  adopted^  noneprobably  is  more 
celebrated  or  more  often  employed  than  Bernard's  piquure, 
and  next  to  this,  the  eurare'diahetes,  also  discovered  by 
Bernard.  The  former  con^i8t8,as  is  wellknown,  in  puncturing 
the  floor  of  the  fourth  ventricle  ;  while  the  poisoning  with 
carare  may  be  ao  graduated  that  all  the  voluntary  muscles 
except  the  respiratory  shall  be  paralysed, or  the  animal's  respi- 
ration may  be  maintained  artificially  ;  but  as  regards  the  suc- 
oesa  of  the  glycosuria  the  choice  is  of  no  importance.  Shortly 
after  the  puncture  or  the  occurrence  of  paralysis,  the  sugar- 
Contvnts  of  the  blood  increases  to  double  or  treble  the  normal, 
and  it  is  not  long  till  the  urine  passed  or  drawn  off  from  the 
bladder  yields  with  Troramer's  test  a  marked  precipitate  of 
yellow  or  red  cuprous  oxide.  The  first  sugar  usually  appears 
in  the  urine  in  from  thirty  to  forty  minutes  after  the  infliction 
of  the  puncture  or  administration  of  the  poison  ;  from  that 
time  forwards  its  excretion  rapidly  increases,  till  after  about 
an  hour  it  reaches  its  maximum,  and  then  gradually  diminishes 
and  finally  disappears.  The  excretion  is  frequently,  but  by 
DO  means  always,  associated  with  pronounced  polyuria.  In 
rabbits,  the  diabetes  lasts  not  more  than  from  five  to  six 
houra,  except  in  very  exceptional  cases  ;  in  dogs,  Bernard 
had  never  observed  it  for  more  than  twenty-four  hours.  A 
perfectly  similar  course  was  run,  according  to  Naunyn,J  by 
diabetes  produced  by  carbonic  oxide,  and,  according  to  Bohm 
and  Hoffmann^^  by  that  developed  in  cats  by  securing  them 
on  the  operation  table ;  so  that  those  events  are  probably  cha- 
racteristic of  a1!  forms  of  artificial  glycosuria. 

•  Bohm  niul  HoffnmTui,  *  A.  f.  cxpcrim.  Path.,'  viii,  p.  271. 
f  Cf.  #-j^*oiaU_v  EcUliartl,  '  Beilriige  z.  Aiut.  und  Physiol./  iv,  1867;  vi, 
18:  ■  77.     Cf,  further  Kiilz,  '  Pfliig.  A./  xiiv,  p.  97. 

.    Arch.  t.  trxperim.  Piithol.,'  ili,  i>.  85,  tii  $eq. 
B^hm  nnd  Hoffmann, '  A.  f.  expcrim.  Pfttb./  viii,  p.  371. 
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Bat  what  has  this  artificial  diabetes  to  do  with  the  liyer 
and  its  gljcogen  ?  It  fails  to  set  in  after  pancture  or  cnrare- 
poisoning  in  frogs  fron^  which  the  liver  has  been  extirpated; 
and  if  already  established  from  either  of  these  causes,  it 
rapidly  disappears  on  removal  of  the  organ.*  In  rabbits  the 
occurrence  of  artificial  diabetes  may  be  prevented  by  exclud- 
ing the  liver  from  the  circulation ;  yet  these  animals  survive 
the  operation  only  a  short  time^  and  its  severity  is  in  any 
case  such  as  to  make  another  method  of  proof  desirable. 
As  a  matter  of  fact,  the  absence  of  glycogen  from  the  liver  is 
in  itself  enough  to  render  the  most  approved  methods  of 
producing  diabetes  ineffectual.  Animals  cannot  be  rendered 
diabetic  by  means  of  the  piquure,  or  by  poisoning  with  curare 
or  carbonic  oxide,  if  they  have  been  long  starved  or  their  livers 
deprived  of  glycogenf  as  the  result  of  phosphorus-  or  arsenio- 
poisoning.  These  facts  have  not,  it  is  true,  the  same  value  as  a 
pure  experiment ;  for  protracted  hunger  does  not  simply  cause 
the  glycogen  to  disappear  from  the  liver  alone,  and  whether 
the  phosphorus  and  arsenic  do  not  also  bring  about  the  re- 
moval of  the  glycogen  of  the  muscles  still  needs  to  be  inves- 
tigated. For  these  reasons,  the  fact  ascertained  by  Wickham 
LeggI  appears  to  me  to  carry  more  conviction  with  it. 
This  writer  found  that  the  puncture  is  rendered  non-effective 
by  previous  ligature  of  the  ductus  choledochns ;  and  it  would 
obviously  be  forced  to  attribute  this  effect  of  the  trifling 
operation  to  anything  but  the  liver,  from  which  the  glycogen, 
as  already  stated,  disappears  in  consequence  of  the  ligature. 

But  though  we  willingly  recognise  an  intimate  connection 
between  the  liver,  or  its  glycogen-contents,  and  the  artificial 
diabetes,  we  must  not  allow  ourselves  to  be  deceived  into 
believing  that  we  are  anything  but  far  removed  from  an 
accurate  comprehension  of  the  nature  of  this  connection. 
In  order  at  the  start  to  dispel  a  very  natural  error,  we  may 
say  at  once  that  we  have  not  in  artificial  diabetes  to  deal 
simply  with  the  removal  of  the  glycogen  stored  in  the  liver 
and  its  diffusion  through  the  blood.     To    say  nothing   of 

•  Winogradoff,  *  Virch.  A.,'  zxvii,  p.  533. 

t  Saikoweki,  'Virch.  A./  xxxiv,  p.  73;  *Med.  Centrlbl.,'  1865,  p.  769. 
I  J.  Wickham  hegg,  *  Brit.  Med.  Jonm.,*  1876,  26S ; '  A.  f.  ezp.  Fkth. 
ii.  P-  384. 
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other  objections,  the  amount  of  sugur  excreted  is  ranch  too 
large  to  have  been  formed  from  the  stored  glycogen  of  the 
Kv«r;   moreover,  the  store  is  not  reduced  by  the  diabetes, 
the  Qsnal  quantity  being  as  a  rule   present  in  the  organ 
at  the  termination  of  the  attack.*     As  the  result  of  what 
kind  of  action,  then,  is  the  sugar  of  the  blood  increased 
tilt  it  amonnta  to  actual  diabetes,  in   conseqnenoo  of  pro- 
cedures 80  different  in  their  nature  ?      In  truth,  it  might 
ftppcar  difficult  enough  to  discover  any  common  feature  be- 
tween the  puncture^  the  curare-poisoning,  the  binding  on  the 
table,  Ac,  upon  wliich  a  line  of   reasoning  mi^ht  be  based. 
The    attempt    has    nevertheless    been    made,  and  a  factor 
ccmraon  to  all   these  methods   has   been  fonnd   in  certain 
tircuhitory  diMxtrbnnces  called  forth  by  them  ;  in  particular, 
it  has  been  assumed  since  Schiff's  time,  that  the  true  cause 
of  the  artiGcial  diabetes  is  to  bo  sought  in  a  congentive  hyper- 
mmin  find  arrfJcratiim  nf  thf-  hepatic  cirruhition.      But  though 
I  am  little  diBposed  to  deny  that  the  piquure,  the  inhalation  of 
amyl  nitrite,  the  ourarisation,  the  carbonic  oxide  poisoning, 
4c.,  may  be  followed  by  various  circulatory  disturbances,  the 
circuUtion  through  the  liver  has  its  own  especial  characters. 
A  tme  congestion  accompanied  by  acceleration  of  the  stream 
cannot  occur  in   the  hepatic  capillaries  except  as  the  result 
of  a    decrease    of   resistance   in    the   arteries  which    supply 
the  tribntanes  o(  the  portal  with  blood,  i.  0.  the  coDliao  and 
the  two  mesenteric  arteries.      Such    a   decrease  of    resist- 
ance oconrs  daring  every  period  of   digestion  ;   the  stomach 
and  intestines  are  then  brilliantly  injected,  tbe  spleen  is  suc- 
culent with  blood,  the  pancreas  too  is  reddened  during  secre- 
tion,  and  the  liver  will  at  any  rate  bo  furnished  with  a  much 
mure  ample  and  vigorous  blood-supply  than  at  other  times. 
Yet  in  spite  of  this  a  healthy  individnal  never  exhibits  dia- 
betes during  or  after  digestion,  even  though  he  has  consumed 
large  qnantitiea    of    carbohydrates.       Should    anyone  here 
obji^ct  that  the  degree  of  physiological  congestion  occurring 
danng  digeution  is  not  sutiicient  to  produce  it,  he  runs  the 
dangt?r  of  coming  into  confiict  with  other  facts  of  physiology. 
The  vascular  area  from  which  the  vena  portro  receives  Its 
blood  is,  you  are  aware,  so  roomy  that  an  overloadiug  of   it 
•  BuUm  uad  Hoffuianii. '  A.  f.  exptrira.  Path./  riiii  p.  J71. 
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must  be  attended  by  prejudice  to  tbe  cJrcalation  generally* 
In  lierbivora  more  especially,  and  lience  iu  the  i*abbii,  tbe 
great  decrease  of  resistance  in  the  arteries  of  tbe  abdomen, 
whiob  follows  division  of  tbe  splaucknicB,  involves  such  m 
considerable  lowering  of  arterial  preasare  that  the  blood- 
stream through  the  dilated  intestinal  vosuols,  instead  of  being' 
accelerated^  is  even  retarded  ;  andj  conversely,  after  any  ope- 
ration on  the  rabbit,  we  may  safely  conclude  from  the  un- 
altered mean  arterial  pressure  that  no  unusual  and  abnormal 
hyperaunia  of  the  portal  area  has  taken  place.  Now,  neither 
the  puncture,  nor  a  curarisation  of  medium  seventy,  nor  again 
the  securing  upon  the  table,  is  wont  to  influence  the  menn 
arterial  pressure,  and  if  it  did  so,  would  cause  a  lowering  of 
it,  which  again  would  not  involve  an  acceleration  but  a  retards* 
tion  of  the  circulation  in  the  intestines  and  liver.  This  arga* 
ment  cannot  be  overthrown  by  the  statements  of  some  writers, 
who  say  that  they  have  found  the  liver  in  diabetic  animals 
hyperffimic  at  the  post-mortem  ;  no  decision  can  be  come  to 
even  on  the  ground  given  bj  Bernard^  that  on  opening  the 
abdomen  of  an  animal,  which  has  been  punctured  or  curarised| 
tbe  viscera  are  in  a  state  of  marked  hyperaBmia,***^  especially  M 
the  opening  of  the  abdomen  and  exposure  of  the  intestines 
is  of  itself  sufficient  to  set  up  a  congestion  of  the  latter. 
Accordingly,  the  assumption  that  artificial  diabetes  depends 
on  an  increased  activity  of  the  liver,  or  rather  of  ita  glyco- 
genic fnnction,  brought  about  by  an  augmontatiun  and  ac» 
celerationof  theportal  circulation  appears  to  me  to  be  qoite  nn» 
proved.  Let  me  be  clearly  understood.  I  do  not  deny  tbo 
possibility  that  owing  to  the  piquure  more  glycogen  ia  pro- 
duced by  the  liver  and  at  once  converted  into  sugar ;  but 
there  is  no  positive  proof  of  this,  and,  again,  it  is  more  than 
doubtful  that  a  nervous  influence  on  the  vessels,  and  thereby 
on  the  flow  of  l>lood,  is  the  det<jrmining  factor  in  it.  May 
not  nerves  be  excited  by  tbe  punctnre  that  inflacnoo  tbe 
activity  of  the  hepatic  cells  more  directly  than  through  the 
'medium  of  the  vessels  ?  For  that  in  the  piquute  wo  are 
dealing  with  an  ej^iiaium  and  not  with  a  pai-alysia  of  nerves 
is  rendered  at  least  very  probable  by  the  relatively  tthort 
duration  of  the  diabetes. 

•  CL  Bernanl,  *  Vorlea.  ikber  DUh«t6e»'  G«na.  Tnuu«  p.  33a. 
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It  IB  possible,  however,  that  tho  liver  plajs  quite  another 
part  in  artificial  diabetes.  I  njentioned  already  that  v. 
Mering's  analyses  went  to  show  that,  during  tho  digestion  of 
stArchea  and  sugar,  the  portal  blood  contains  not  simply  an 
equal,  bnt  even  a  higher,  percentage  of  sugar  than  does  the 
blood  of  tho  hepatic  vein.  Should  this  fact  prove  to  be  gene- 
rally true,*  it  appears  to  me  to  follow  that  part  of  tho  sugar 
absot-bed  from  tho  intestine  during  digestion  disappears  in 
the  liver.f  What  becomes  oE  it  is,  it  is  true,  quite  un- 
known; I  have  already  stated  the  reasons  which  tell  against 
its  conversion  into  glycogen.  But  however  it  be  disposed  of, 
it  is  necessary  to  inquire  whether  the  ricbnegs  of  the  blood 
in  sugar  during  artificial  diabetes  may  not  partly  depend  on 
the  tluappearance  of  a  less  thitn  uttutil  amfjwU  in  the  liver. 
In  fnct,  Bernard  had  from  the  first  stated  that  the  diabetes 
can  only  be  produced  with  certainty  in  a  healthy  animal  aad 
during  the  period  of  full  difje^tive  nctivily.  There  are  also 
ftome  other  facts  which  are  well  calculated  to  support  our 
hjrpothesis.  Dogs,  in  which  Bernard  had  in  from  four  to  six 
days  cau<«ed  obliteration  of  the  portal  vein  by  means  of  a 
ligature  loosely  secured  around  it,  if  fed  on  potatoes  alone, 
excreted  an  alkaline  urine  rich  in  sugar,  while  the  same  kind 
of  food  had  previously  given  rise  to  no  excretion  of  sugar  in 
the  Qrl[ie4  Thus  it  is  proved  that  the  cuttiug  off  of  the 
fp^ater  part  of  the  hepatic  circulation  alone  suffices  to  render 
the  blood  abuormally  rich  in  sugar,  on  a  diet  containing  an 
abundance  ot  amylaceous  material  ;  and  we  are  in  possession 
of  au  experiment  of  Seelig,  communicated  by  NauuyQ,§  which 
directly  teaches  that  in  the  liver  of  a  diabetic  auimal  less 
sugar  is  destroyed  than  in  health.  When  Seelig  slowly  in- 
jected a  solution  of  grape-sugar  into  a  mesenteric  vein  of  a 

*  Bl^ilo  ('A.  f.  Phyfiio].,'  1879,  P  59 )•  ^1>^  employed  methods  iimilar  to 
of  V.  Miring,  found  in  dogs  that,  during  the  digestion  of  HUgur-forming 
rioUy  the  portal  blood  hon  always  a  greater  flUgAr<con tents  than  has 
of  the  (SiP'tid  ;  uu  tho  other  bund.  Ite  found  no  constant  diffcreuoca 
bctw»«n  thr  blood  of  portal  nnd  heputtc  \'ein«  lu  re^rds  the  dugar  contained 
in  theiu. 

t  T.  Mtiring, '  A.  f  Anat  n.  Physiol.,'   1877,  Phju.  Abth..  p.  379.    Con- 
taina  referencon  to  litemtnro. 
t  Bernard, '  Vorle*.  iibor  DiHbet^e/  p.  198. 
§  NatiuyDt  *  Aroh.  f.  experim.  PathoL/  iii,  p.  85^  «i  ecq. 
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diabetic  starving  rabbity  mach  more  sngar  was  excreted  in 
the  nrine  that  in  a  non-diabetic  animal.  It  is  tnie  tbat  he 
observed  a  similar  difference  when  the  injection  was  made 
into  the  jugular  vein;  yet  the  inequality  was  mnch  more 
clearly  noticeable  on  injecting  into  a  tributary  of  the  portal. 
As  yon  perceive^  it  is  not  mnch  of  tbe  proud  and  at  one 
time  so  admired  edifice  of  hepatic  diabetes  that  now  remains. 
How  perfectly  each  link  seemed  to  fit  in  that  chain  of  facts, 
our  knowledge  of  which  was  almost  altogether  due  to  the 
genius  of  Bernard  1  By  means  of  the  glycogen  produced  in 
the  liver  and  its  amylolytic  ferment,  this  organ  was  believed 
to  manufacture  the  sugar  of  the  blood ;  and  while  the  latter  is 
normally  trifling  in  amount,  it  would  rapidly  increase  so  soon 
as  the  activity  of  the  liver  became  augmented  in  consequence 
of  a  more  ample  supply  of  blood.  And  to-day  f  I  have 
sought  to  explain  to  you  that  our  experience  does  not  even 
give  US  an  indisputable  right  to  regard  the  liver  as  physio- 
logically engaged  in  producing  the  sugar  of  the  blood,  that 
we  have  no  certain  evidence  of  increased  activity  on  the  part 
of  this  organ  after  puncture  of  the  fourth  ventricle  or  the 
administration  of  curare,  and  that  an  augmentation  of  the 
flow  into  and  through  the  liver  is  very  improbably  a  conse- 
quence of  such  procedures.  But  that  which  has  chiefly  tended 
to  deprive  the  liver  of  its  dominant  place  in  the  diabetes 
question  was  the  discovery  thai,  glycogen  is  widely  distributed 
through  the  organism.  After  Bernard  himself  had  demon- 
strated its  presence  in  many  organs  of  the  embryo,  O.  Nasse* 
recognised  it  as  a  regular  constituent  of  muscular  tissue, 
Hoppe-Seylerfshowedits constant  occurrence  in  living  colonr- 
less  blood- and  lymph-corpuscles  (and  consequently  of  course 
in  the  spleen  and  lymphatic  glands),  Kiihne^  found  it  in  the 
testicle  of  a  fully  grown  dog,  and,  lastly,  Schiele§  discovered 
it  in  the  epithelial  elements  of  mucous  membranes  which  are 
furnished  with  a  thick  stratified  epithelium.  It  is  obvious, 
then,  that  those,  too,  who  are  ready  to  recognise  the  hepatic 

•  O.  Nawe. '  Pflug.  A./  ii.  p.  97. 

t  Hoppe-Seyler, '  Med.-chem.  UntenachuDgeD/  Hft.  iv,  p.  494. 
i  Kuhne,  *  Vireh.  A./  xxxxu  p.  535- 

§  Scbiele.  '  Daa  Gljkogen  in  normalen  a.  patholog.  Epithelien/  I.-D 
Bern.  1880. 
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glycogen  as  an  antecedent  stage  of  tlie  sugar  of  the  bloody 
Cftn  at  most  refer  only  a  part  of  the  sugar  to  the  liver.  As 
to  what  ftbaro  is  taken  by  this  organ^  and  what  by  the  mascles 
and  other  tissues  jnst  mentioned,  in  the  production  of  sugarj 
we  have  at  present  no  means  of  forming  an  opinion.  This 
difficulty  chieHy  arises,  as  already  stated,  from  the  fact  that 
the  quantity  of  glycogen  accumulated  at  any  moment  affords 
no  indication  of  the  amount  actnally  produced  and  finally 
converted  into  sagar  or  otherwise  destroyed.  It  is  by  no 
lueanB  certain  that  the  organs  in  which  no  glycogen  has  as  yet 
been  found  do  not  take  part  in  its  production.  Still  wo  are 
•omewliat  betterinformedasto  the  histoi^of  musclo-glycogen. 
Wc  know  that  the  amount  present  in  the  muscles  may  vary 
greatly,  not  only  in  different  individuals  but  in  different 
muscles  of  the  same  individual.  The  richness  of  the  muscles 
in  glycogen  does  not  simply  depend  on  the  food.  True,  it 
iuf  Turing  digestion,  and  the  total  amount  colloctod  in 

tht  MS  some   hours    after  an  ubundaut   meal  of   llesh 

olonoly  approaches  the  quantity  stored  up  in  the  liver  ;^  again, 
it  ■''  '  ira  during  starvation,  sometimes  earlier,  sometimes 
ln»^  from  the  liver,  but  always  jast  as  completely  as 

from  the  latter  organ.  But  the  richness  of  the  muscles  iu 
glycogen  is  also  inHuencod  by  the  decree  of  their  funr tit mal 
activity.  The  material  is  used  up  during  contraction, f  so 
thai  it  will  be  most  plentiful  in  paralysed  muscles  and  in 
those  which,  like  the  muscles  of  the  breast  in  hens,  have  littlo 
work  to  do-t  The  fate  of  the  glycogen  used  up  is  by  no 
nioaaa  accurately  determined,  more  especially  as  Bi>hm}  has 
demonstrated  the  untenability  of  the  view  that  it  gives  rise 
to  lactic  acid  before  breaking  up  into  its  final  products. 
Sach  being  the  position  of  affairs^  it  will  not  occur  to  anyono 
to  ostimate  the  amount  of  glycogen  produced  from  the  quantity 
present  in  the  muscles  at  any  time ;  but  does  our  ignorance 
of  the  conditions  on  which  the  destruction  of  glycogen  iu 


•  Bolim.  •  Piltig.  A-/  xxiii,  p.  44. 
t  O.  Nsa.*",  '  Pfliij?.  A./  ii,  |».  97. 
}  WouM,  *  Wicu.  akftd.  8itcuti^ber.,*  Bd.  64,  Abtb.  7.  Juliheft ;  Chandclou, 

IQ^.  A.,'  xiii,  i>.  626  ;  Lachatnger,  ibid.^  xviii,  p.  473 ;  Bdbm  tind  UolF* 

in.  Itfc.  oit,»  jtt  44 J. 
BohiPr  *  PHug.  A*.*  xxiiii  p.  44- 
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Other  organs  and  tissues  depends^  justify  us  in  arriving 
any  other  conolusion  ? 

These  considerations  make  it  intelligible  that,  as  already 
stated,  the  amoant  of  sugar  contained  in  the  blood  remains 
practicallj'^  undiminished  in  prolonged  starvation  ;  but  they 
must  also  be  taken  into  account  in  discussing  the  genesis  of 
true pnthological  dmhetes  meUihis,  We  may  properly  dispense 
with  a  discussion  as  to  whether  the  experiences  gained  by 
experimental  pathologists  in  artificial  diabetes  may  be  at  once 
applied  to  typical  glycosuria.  For  though  there  is  a  great 
and  most  important  difference  between  them  as  regards  dura- 
tion— experimental  diabetes  being  a  mere  transitory  con- 
dition^  while  pathological  glycosuria  ia  o  Imtting,  hideed  ex* 
qui^tely  chronic  disease, — yet  the  proximate  and  immediate 
cause  of  the  excretion  of  sugar  is  the  same  in  both,  namely 
the  abnormally  large  amount  contat7ied  in  the  blood.  A  great 
deal  of  evidence  may  bo  produced  to  show  how  much  this 
latter  factor  influencea  the  whole  of  the  phenomena  of  dia- 
betes. To  the  abnormal  richness  of  the  blood  in  sugar,  I 
attribute  its  excess  in  the  lymph  and  transudations,  its  passage 
into  some  of  the  secretions,  as,  for  example,  the  sweat,  bron- 
chial mucus,  bile,  occasionally  the  gastric  juice,  the  saliva, 
&c.  ;*  again,  the  imperfect  constitution  and  reduced  resisting 
power  of  the  vessel-walls,  on  which,  as  formerly  stated  (vol. 
i,  p.  338;  vol.  ii,  p.  561),  depends  the  tendency  of  the  diabetic 
to  severe  inflammation,  more  especially  of  the  necrosive  form  ; 
lastly,  and  chiefly,  the  two  symptoms  by  which  a  suspicion 
as  to  the  existence  of  diabetes  is  usually  first  aroused,  I  mean 
the  enormously  increased  thirst  and  the  polyuria.  That  the 
latter  two  conditions  are  closely  connected  and  stand  in  a 
direct  relationship  of  dependence  to  the  gl^'csomia  cannot  bo 
doubted  ;  the  only  question  ia  as  to  the  nature  of  this  relation- 
ship. It  has  been  formulated  as  follows  : — The  excretion  of 
sugar  is  aided  by  the  passage  of  considerable  quantities  of 
water  through  the  glomeruli ;  thia  water  is  withdrawn  from 
the  blood  ;  and  the  concentrated  blood  excites  the  sensa- 
tion of  thirst.  But  while  it  will  not  be  disputed  that  the 
excretion  of  sugar  involves  the  simultaneous  passage  of  water 
into  the  urinary  tubules,  the  quantity  of  water  got  rid  of  by 
*  For  a  faller  statement  vide  Kiilz.  *  Bcitnigc,*  U|  p.  139. 
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a  diabetic  person  is  macb  greater  than  would  be  required  for 
this  purpose  ;  and  above  all  the  incorrectness  of  the  inter- 
pretation is  shown  by  the  fact  that  the  sugar-  and  water- 
contenta  of  the  urine  are  very  far  from  runuiug  pai'allel  oven 
in  the  same  individual.  It  is  not  because  the  diabetic  patient 
annates  copiously  that  he  drinks  large  quautities  of  water ; 
on  the  contrary,  he  passes  a  large  nmonnt  of  urine  becmtse  Kb 
drinks  exc^Mvely.  And  it  has  also  been  shown  in  an  exact 
tnnnner  by  KuIk,*  as  against  doubts  expressed  by  others,! 
that  the  expenditure  of  water  in  diabetes  is  more  than  covered 
by  the  water  consoraed,  provided  the  watery  contents  of  the 
aolid  food  be  taken  into  account,  so  that  the  percentage  fall- 
ing even  on  the  insensible  perspiration  is  far  from  being 
always  small.  Accordingly,  the  thirst  is  called  forth  by  the 
abundance  of  sugar  in  the  bloody  and  only  because  it  is  satis- 
fied is  there  an  increased  excretion  of  water.  But  whether 
the  thirst  is  due  solely  to  the  com-entratioii  of  the  blood  or 
the  juices  of  the  parenchyma,  or  whether  the  sugar  exerts  a 
specific  influence  on  the  nerve-terminations  in  the  mucous 
membrane  of  the  palate  and  phatynz,  cannot  at  present  be 
determined. 

While,  therefore,  our  main  object  in  human  diabetes  also 
must  be  to  explain  the  glycaemia,  I  need  not  say  at  this  stage 
of  our  inquiry  that  we  have  not  to  deal  with  the  appeax'auce 
of  a  foreign  substance,  not  occurring  in  normal  blood,  but 
simply  with  the  quantitative  increase  of  a  matenal  normally 
present  in  it.  The  blood  of  healthy  persons  contains  sugar, 
asuallyi  it  is  trae^  in  the  small  proportions  already  given ; 
yet  there  are  cases  in  which  the  amount  is  permanently 
slightly  in  excess,  but  without  prejudice  to  health.  The 
augar  of  the  blood  is  derived  from  two  sources.  We  are 
constantly  supplying  it  to  the  blood  from  the  intestine  by 
the  amylaceous  constituents  of  our  food ;  but  since  the  sugar- 
contents  of  the  blood  are  not  diminished  by  a  diet  perfectly 
free  from  carbohydrates,  it  necosarily  follows  that  the  or- 
gaoism  is  endowed  with  a  capacity  for  producing  sugar  from 

•  KuU,  ibid.,  i,  p.  31,  H  teq. 

t  Galhgwns, '  Ueb.  den  Stoffwechsel  eiBW  Diabetikers  verglichenmitdem 
«ui««  Q«iian<ien/  In aug.. Dissert.,  Doqwt,  1876-,  cf.  also  H.  Opponbeim, 
•  Pilitf.  A^'  xxvi,  p.  359. 


034 


THE    LIVEK. 


albumoD,  probably  by  forming  glycogen  in  the  first  instance, 
and  the  conversion  of  this  into  sugar.  But  if^  in  spite  of  this 
continnons  snpply  to  the  biood,  its  contained  sugar  docf^  not 
in  a  healthy  individual  exceed  the  known  mean  standard,  this 
is  only  possible  because  the  increased  supply  is  normally  ac- 
companied by  an  increased  consumption.  In  fact,  the  healthy 
organism  is  capable  of  appropriating  very  considerable  quan- 
tities of  sugar  to  its  purposes,  i.  e.  of  decomposing  it ;  and 
very  large  amounts  of  bread  and  other  farinaceouB  food  may 
be  taken  in  health  without  any  risk  of  the  urine  containing 
sugar.  There  are,  however,  certain  limits  to  this.  A  man 
or  a  dog  which  consumes  very  great  quantities  of  sugar,  say 
100,  200,  or  more  grams,  in  a  very  short  time,  usually  ex- 
cretes a  not  inconsiderable  portion  of  it  with  tlie  urine  passed 
during  the  next  few  hours — an  evident  indicatiou  that  a  tem- 
porary overloading  of  the  blood  has  taken  place  in  conse* 
quence  of  the  consumption  for  organic  purposes  failing  to 
keep  pace  with  the  rapid  and  abundant  supply.  Now  every 
true  diabetic  person  is  distinguished  from  the  healthy  indi- 
vidual by  this — that  even  nfter  partaking  of  moderatr.  quauti' 
tien  of  carbohydrates-  (which  would  be  complotfly  consumed 
in  health),  ttugar  w  excreted  in  the  urine.  This  is  the  essen- 
tial and  decisive  criterion  of  diabetes,  one  which  is  always 
employed  in  practice  where  the  suspicion  of  the  disease  is 
to  be  verified.  The  above-mentioned  individuals,  whoso 
blood  constantly  contains  an  excess  of  sugar,  Lave  very  usu- 
ally a  small  amount  in  the  urine  capable  of  being  detected  di- 
rectly by  Trommer's  tost;  they  are  not,  however,  diftbetic, 
since  the  sugar  in  the  urine  is  not  increased  by  an  amyla- 
ceous diet.  And,  on  the  contrary,  a  person  may  be  distincUy 
diabetic  without  the  nrine  giving  the  least  reaction  to  ibo 
ordinary  testa  for  sugar — provided  his  diet  is  an  appropriate 
one,  t.  e.  free  from  carbohydrates.  Since  M.  Traube  first 
called  attention  to  this  fact  iu  an  important  paper,*  many 
authors  distingnish  two  forms  of  the  disease,  a  mild  and  a 
eevere,  while  admitting  that  one  may  pass  into  the  other. 
The  mild  form  is  characterised  by  the  fact  that  tho  nrioo 
does  not  contain  sugar  except  when  the  diet  includes  sugar 
or  starch,  while  in  tho  severe  form  sugar  is  excreted  when 
•  M.  Traiibe,  *  Viah.  A.,*  iv.  p.  loj;. 
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cflrbf>hy<^ratG8  are  altogether  nb»tained  froni,  t.  «.  on  a  purely 
meat  diet.  I  am  not  at  all  disposed  to  question  the  justice 
of  Btich  a  distinotion  ;  on  the  contrary,  it  appears  a  very  de« 
sirablo  one  from  a  practical  point  of  view.  For  if  it  be  cor- 
rect that,  as  already  stated,  most  of  the  symptoms  of  diabetes, 
and  those  the  moat  striking  and  troublesome,  depend  on  the 
exoeu  of  angar  in  the  blood,  it  is  evidently  of  the  greatest 
importance  to  the  patient  that  he  has  the  power  of  volun- 
tarily controlling  this  excess.  Though  the  fundamental  dis- 
eased condition  continues  unaltered,  such  a  diabetic  patient 
may  enjoy  a  state  of  well-being  simply  by  adopting  a  suit- 
able dietary,  while  one  who  sujfers  from  the  severe  form  can 
never  be  quite  free  from  the  symptoms  of  his  disease.  But 
when  the  question  is  raised  whether,  in  the  two  forms,  we 
are  dealing  with  processes  differing  in  principle,  oar  answer 
must,  in  my  opinion,  be  decidedly  in  tfui  negative.  For  on 
translating  the  notion  of  glycosuria  into  glykoemia,  or  more 
correctly,  hyperglykssmia,  it  at  once  appears  that  only  quan- 
titative differences  can  be  involved.  In  the  severe  form  of 
diabetes  the  sugar  manufactured  by  the  organism  suffices  to 
render  tbe  blood  hyperglykflamic,  while  in  the  mild  form  this 
condition  is  not  developed  till  an  additional  quantity  of  sug^r 
is  supplied  to  the  blood  with  the  nutriment.  Nor  is  there 
any  necessity  for  assaming  that  the  direct  mode  of  origin  of 
the  hyperglykaemia  differs  in  the  two  cases.  As  regards 
this  point,  it  is  theoretically  equally  conceivable  that  the  dis- 
eaae  is  the  result  of  an  abnormally  inoreased  produetion  of  sugar 
hy  th€  organitm,  OT  tbe  expression  and  effect  of  the  incapacity 
of  ike  body  to  lute  up  and  destroy  the  sugar  of  ike  hlood  in  the 
ncrmal  fashion  ;  lastly,  it  is  possible  that  both  may  concur. 

Bat  on  seeking  to  decide  which  of  these  possibilities  is 
actnaily  concerned  in  a  given  case,  we  are  at  once  met  by 
di£GcultieB  arising  out  of  our  imperfect  knowledge  of  the 
metabolism  of  the  carbohydrates.  We  look  in  vain  to  patho^ 
logicf'l  anatomy  for  information  on  this  subject.  No  constant 
changes  have  aa  yet  been  discovered  in  diabetes,  such  aa 
could  be  said  to  constitute  tho  anatomical  basis  of  the  disease. 
Some  of  the  appearances  most  frequently  met  with  aro  un- 
doubtedly consequences  or  complications,  not  canses,  of  the 
affection,  a«  e.  g.  the  general  emaciation,  the  inflammatory 

000 
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and  gangreDoos  processes  in  the  skin,  the  inflammatory 
and  ulcerative  processes  in  the  langs,  which  so  often  simu- 
late acute  phthinis  in  their  coarse,  &c.  As  regards  other 
conditions,  only  the  few  recorded  instances  of  tumoar  of  the 
fourth  ventricle'*'  could  be  brought  into  causal  connection 
with  the  diabetes.  On  the  other  hand,  pathologico-anatomi- 
cal  investigation  gives  absolutely  negative  results  with  re* 
spect  to  that  organ  which,  following  Bernard,  one  is  accns- 
tomed  to  regard  as  having  a  peculiarly  close  connection  with 
the  disease  J  namely  the  liver.  The  portal  vein  has  been  oc- 
casionally found  thrombosed  or  obliterated,t  observations 
which  in  view  of  Bernard's  experiments  already  mentioned 
are  not  without  their  interest ;  but  in  the  enormous  majority 
of  diabetic  persons  the  vein  is  perfectly  free  and  pervious.  In 
hospital  cases — forming  by  far  the  greater  number  of  those 
in  which  an  autopsy  is  made — the  liver  as  a  rule  contains 
little  fat,  inclines  to  be  small  rather  than  large,  and  is  brown- 
red  on  section ;  yet  we  sometimes  meet  with  large,  even  de- 
cidedly hypertrophic  livers.  The  statements  made  as  to  the 
excess  of  blood  in  the  liver  after  death,  which  one  writer  has 
copied  from  another,  are  of  course  valueless,  even  when  with 
an  eye  to  a  naive  public  it  is  also  asserted  that  the  hyper- 
lemia  is  an  active  one.  The  pancreas!  is  reported  to  be  re- 
latively often  affected  in  diabetes.  But  on  wore  accurately 
analysing  the  recorded  cases,  most  of  them  are  found  to  refer 
to  atrophy  or  so-called  fatty  change,  two  conditions,  that 
is,  which  are  some  of  the  most  commonly  occurring  features 
of  chronic  wasting  diseases,  and  are  in  no  degree  character- 
istic of  diabetes.  True,  other  diseases  of  the  pancreas  hare 
also  been  observed  in  this  afPection,  in  particular  independ- 
ent or  primary  lesions,  such  as  carcinoma  of  the  head  of 
the  organ,  and  cystic  dilatation  of  the  dncts  with  secondary 
atrophy  of  the  gland,  due  to  occlusion  of  the  canal  of  Wir* 
sung  by  a  stone,  &c.  Still  these  observations  are  much  loo 
isolated  to  have  any  significance  except  sls  pointing  to  acci- 
dental complications  of  the  disease  ;  and  in  at  least  the  greater 

•  Vid.  Senator,  loo.  cit.,  p.  413, 

t  Andni]* '  Compt,  reml..*  1856.  ixx,  p.  468 ;  Contunrr.  '  Tbia*  Oe  1*mm,* 
No.  ao9,  l8;s ;  Cohnhcim  und  Litten, '  Virch,  An  Utii,  pu  160^ 
X  Vid.  8«na(or,  loc.  cit,p.  413. 
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proportion  of  all  cases  the  most  careful  and  scrupnlons  exa- 
mination of  the  pancreas  has  failed  to  detect  any  changes 
wbntover. 

Under  these  circumstances  an  elucidation  of  the  question 
may  be  looked  for  with  more  confidence  from  the  resnlta  of 
chemical  methods  of  investigation  ;  and^  in  fact,  these  afford 
aa  some  valuable  hints.  With  reference  to  the  ability  of  tho 
diabetic  organism  to  appropriate  the  sugar  to  its  ends,  a 
l&rge  number  of  exact  experiments  have  been  carried  out, 
more  especially  by  Kiilz,'*^  on  patients  affected  vnth  the  mild 
and  severe  forms  of  the  disease.  It  turned  out  that  an 
absolute  inability  perhaps  never  exists.  Even  in  the  severe 
form  the  excretion  of  sugar  is  not  increased  so  as  accurately 
to  correspond  with  the  sugar  and  amylaceous  matters  con- 
sDined  with  the  food  ;  in  the  mild  form  very  considerable 
qnantities  can  be  retained  and  utilized.  Many  varieties  of 
sogar,  e.  g.  mannite,  levulose,  inosit,  have  no  influence  what- 
ever on  sagar-excretioQ  ;  that  is  to  say,  they  can  be  decom- 
posed by  the  diabetic  orgauismj  obviously  because  they  cause 
no  ioorease  of  the  grape-sugar  circulating  in  the  blood.  True, 
IhMe  experiences  also  are  inadequate  for  the  derision  of  the 
real  cardinal  question,  since  they  might  equally  well  be  ex- 
plained by  a  diminution  of  the  decomposition  of  sugar,  or  by 
AD  excessive  production  giving  rise  to  an  augmentation  of  the 
sngmr-contents  of  the  blood.  As  for  the  supposed  excessive 
prodnctioD,  its  occurrence  wonld  involve,  according  to  the 
view  previously  propounded  by  us,  an  abnormally  abundant 
ditintegratuyn  of  albumen.  That  the  latter  actually  takes 
place  in  the  body  of  the  diabetic  patient  is  proved  indisput- 
ably by  the  increaaed  excretion  of  urea.  Only  quite  excep- 
tionally is  this  increase  absent  in  diabetes  ;  it  is  not  uncom- 
monly so  considerable  that  the  amount  of  urea  excreted  in 
Iwenty-four  hours  is  double  or  treble  the  normal,  or  even 
more  ;  100,  120,  or  150  grams  have  repeatedly  boon  found 
in  the  urine  of  a  diabetic  person.  The  soui*ce  of  this  enor- 
mous quantity  of  urea  is  easily  understood  wheu  one  sees 
what  an  immense  amount  of  flesh  and  other  albnminous  foods 
are  nsoally  indulged  in  by  such  persons.  As  is  well  known, 
the  appetite  increases  very  early,  keeping  pace  with  or  fol- 
*  Kiilz,  loc.  cit,  i,  p.  38*  ei  Bcq, 
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loinog  hard  upon  the  increased  tbirst.  Tfao  crsring  for  food 
is  nob  uncommonly  insntiable,  and  cannot  bo  1  "f^d 

by  the  frequent  and  over-abundant  meals.  lu- 

nesa  and  polyphagia  aro  simply  indicative  of  the  reaction,  the 
answer,  of  the  organism  to  the  abnormal,  or  at  leant  abnor- 
mally profuse,  decomposition  taking  place  within  it ;  the  enor- 
mous supply  of  albnmen  is  reqnired  by  the  organifira  to  re- 
pair the  immense  losses  occasioned  by  the  greatly  augmented 
disintegration  of  albumen.  By  means  of  this  Kupply,  ihe 
body  can  usually  succeed  for  a  considerable  time  in  maintain- 
ing its  albuminous  constituents  undiminished  ;  yot  we  learn 
from  the  emaciation  to  which  most  patients  sooner  or  later, 
and  sometimes  very  rapidly,  fall  a  prey,  that  the  albumen  of 
the  body  itself  is  called  upon  Co  contribute  to  the  excretion ; 
in  other  words,  the  patieuts  excrete  still  more  urea  than  woold 
correspond  to  the  nitrogenous  contents  of  the  food  oonsnin^d. 

By  demonstrating  the  occurrence  of  an  increased  diainle- 
gration  of  albumen,  we  have  removed  all  difficulty  a*  to  tli« 
source  of  the  excess  of  sugar  in  the  blood  ;  for  quantitatively 
the  albumen  roproscnted  by  the  nroa  would,  even  in  the  moat 
severe  cases,  be  quite  Buffioiont  to  supply  all  the  sugar  oxcreted 
on  a  purely  meat  diet.  But  for  all  that,  the  increaaed  dis- 
integration of  albumen  is  not  enough  to  explain  the  dtabototSy 
for  the  very  definite  reason  that  a  healthy  person  excreteano 
sugar  on  the  same  diet  which  is  attended  in  the  diabetic  by 
glj'cosuria.  Hence,  although  it  has  not  yet  been  peasible  to 
directly  prove  the  occurrence  of  a  diminittion  in  the  dftom- 
pOHtiwn  of  ttn^aVi  one  feels  obliged  to  make  such  an  oasninp- 
tion.  Chily  by  a  conjunction  of  the  two  factors,  the  ang- 
tncuted  disintegration  of  albumen  with  the  production  of 
glycogen,  on  the  one  hand,  and  the  rednced  oonsnmption  of 
sugar,  on  the  other,  does  the  origin  of  the  hyperglykienua, 
and  thereby  of  the  diabetes,  become  intelligible. 

But  on  further  inquiring  on  what  particular  alterationa 
these  derangements  of  the  metBboli«m  depend,  wo  are  oom- 
pelled  to  have  recourae  to  more  bypotbeais.  As  to  the  pro- 
duction of  sugar,  I  have  staled  repetitodly  that  in  all  proba- 
bility glycogen  is  first  produced  and  then  becomes  converted 
into  sugar,  most  likely  by  the  aid  of  an  amylolytic  fcrmunt. 
Tot  we  do  not  know,  for  example,  what  relationfi  exist  between 
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the  splitting  up  of  albumen  into  glycogen  and  the  produotion 
of  fnt  ;  and  Htill  Ibbs  are  we  acquainted  with  the  lociilitj^ 
organ,  or  tissue  in  which  the  former  change  takes  place  in 
diabetes.  Becanse  the  liver  is  the  organ  in  which  the 
glycogen  moat  readily  and  abundantly  accumulates^  it  was 
long  sapposed  to  be  the  principal  seat  of  glycogen-production  j 
but  we  now  know  that  the  luuscleamay  under  certain  circum- 
stanoes  dispute  with  it  the  title  of  priucipal  sturehouse  of 
glycogen,  and  above  all  we  have  learned  to  distinguish  be- 
tween the  accumulation  and  production  of  this  substance. 
If,  however,  its  production  is  really  a  widely  distributed 
fuDCtiun  of  auimul  oellsj  we  have  not  the  slightest  a  priori 
grounds  for  attributing  to  the  liver  the  chief  share  in  the 
dialH»tic  over-production  of  glycogen  and  eugar.  It  is  essen* 
tially  the  same  with  the  consumption  or  deoomposition  of 
Kugar ;  for  it  is  probable  enough  that  this  ia  not  limited  to 
m  single  organ  or  tissue.  Indeed,  I  am  able  to  point  to  two 
loo&liiies  in  which  it  has  been  determined  by  precise  experi- 
nicnt-s  that  sugar  disappears  under  certain  circumstances,  i.  e, 
in  the  liver  and  the  muscles  during  violent  physical  exertion. 
With  this  the  fact  accurately  demonstrati'd  by  KiiJz,*  that 
Uie  excretion  of  sugar  in  the  urine  of  the  diabetic  decreases 
daring  forced  muKCular  activity,  e,g,  rapid  marches,  is  in 
perfect  accordance  ;  while  the  results  arrived  at  by  v.  Mericg 
tbrow  no  less  light  un  those  cases  of  diabetes  in  which  the 
por^l  rein  baa  been  found  at  the  autopsy  to  be  impervious. 
It  would,  however,  be  an  error  to  generalise  the  conclusions 
bftsed  on  these  experiences;  for  imperviousness  of  the  vena 
porUe  ia  an  extremely  rare  appearance  in  diabetes,  and  tlie 
increased  muscular  exertion  has  not,  according  to  Kiilz,  a 
IftVoruble  intluence  on  the  excretion  of  sugar  in  all  oases 
of  •'  '  Tse.  But  however  nnmerous  the  points  requiring 
rlu  in   this  domain,  it  may   confidently  be  asserted 

Ihai  the  insufficient  deoumposition  of  sugar  doaa  md  depend 
on  I  '"fwiie  tfttpplyof  oicytjen.      This  view,  it  is  true,  was 

bii'  be   supported   by   the  fact  often  observed  since 

s  KdUkS.  1781  H  tq. ;  Zimmer  liflB  also  long  believed  in  the  existence  of  a 
It-dtabvte*.     Cf.  *  L>eut*ch.  KUnik,'  1873,  '  D.  iiied.  W«»clieiu»chr./  1879, 
19,  ao.  zr  ;  *  Die  Muttkeln  eioe  Quelle,  Mn8kt*1arl>eit  ein  Heilmitt^'l  bci 
DUbitc*,'  KarUbud.  (880. 
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HejQoso's  time,  tbat  severe  impedimenta  to  respiration^  nre 
attended  by  the  appearance  of  e;ugar  in  the  orine  ;  yet  thon^^k 
I  willingly  admit  the  existence  of  a  causal  connection  here, 
and  am  farther  ready  to  confess  it  possible  that  many  of  the 
methods  employed  in  producing  artificial  glycoeuria,  i?. ^.  car* 
bonic  oxide  poisoning  and  perhaps  other  aimilar  procedoros 
which  are  accompanied  by  considerable  disturbance  of  tho 
circulation,  really  depend  on  an  interference  with  the  absorp- 
tion of  oxygen  by  the  blood,  still  these  phenooiena  are  hardly 
applicable  to  human  diabetes.  Diabetic  patients  are  very 
commonly  the  possessors  of  very  well-developed  respiratory 
organs,  and  very  often  compete  with  healihy  persona  in  the 
digestion  and  ntilization  of  fata,  Pettenlcofer  and  Voitf  bare 
indeed  determined  that  the  absorption  of  oxygen  and  excre- 
tion of  carbonic  acid  in  the  diabetic  bear  no  relation  to  their 
food  or  to  their  other  ezcretionsi  but  this  is  at  bottom  odIj 
another  expression  for  the  fact  that  all  the  nourishment  taken 
by  such  patients  is  not  utilized  for  the  organism ;  as  to  the 
cause  of  this  insufficient  appropriation  the  analyses  afford  no 
information.  Everything  considered^  it  appears  to  me  much 
more  probable  that  the  diabetic  consume  less  sugar,  owing 
to  the  absence  of  a  ferment  which  in  a  normal  condition 
initiates  the  further  decomposition  of  dextrose.^ 

*  ReynoM,   *Anna1«  des  •oiences  aatarellos/   1855,  p^  130.      Sen&tor, 
•Virch.  A./  xlii,  p.  x. 

f  Pettenkofer  and  Voit,  *  Z«it«clir.  f .  Biol..*  iii,  p.  380 ;  Voit,  in  Henmaii'i 

•  Physiology/  ?i,  p.  225. 

^  On  the  subject  of  gljrcof^oti  and  dial)ei«s  consult,  11  ^  ClavtU 

B#'mArd'fl  nnmeroti*  ren^areheR,  oonie  in  the  *  Cooipt.  .  ■■  in  bit 

*  Le^otis  (le  phvBiot.  exp^nmentale  appliqu^  k  !&  ni<^dedDPi'  also  '  Snr  to 
propri^te«  d««  liquides'  und  '  Sur  U  physiol.et  patkat.  du  ayiit^init  n*rrffax. 
■ummed  up  in  *  Le9ons  oar  le  I>iabt*t«  ft  la  (jl^kui^n^  aninidile,*  Pani^ 
1877  ;  Gennan  bj  Posner,  1878.  M.  Schift*  *  UnterBuchungen  ii^*^'-.)  7.n,V-(*r- 
bildnng  in  d.  Leber  n.  d.  Einfluu  d.  Nervensynteius  &uf  d.  I  -  tL 
Di&bet«,'  WuntburR,  1859  ;  J.  Se*g*n/ Dcr  DialwtM  oi«llit.usiii>i  v.>iin.it«jft 
zablreicher  Beobachtungen/  Berlin,  3  Aufl..  1875;  Senator,  in  Zienuwn** 
'  HA&dboch,'  xiii,  i,  3  Auf.,  1878,  in  which  nnmeroas  rvfontnoMAPt  contained. 
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THE  PANOKEAS  AND  INTESTINES. 


S^xriiif  of  duetue  of  the  pancreas. — Reduction  of  pancreatic 
aeeretion. — Occlnsifm  of  the  canal  of  Wirsung, — Trifling 
^<Bct  on  inteatijial  digestion. — Steatorrhosa. — Experiments 
on  animals. — Conchisiane  therefrom. —  What  bec/}mes of  IHa 
pancreatic  juice  u>hen  its  escape  is  prevented. 

Physiology  of  the  sueeus  entericus, — Pathological  increase 
of  the  intestinal  secretion. — }foreau'it  experiment. — Cholera. 
— 'T/te  rice-icater  n tools. — Pont-^wrtem  appearances  in  those 
dying  during  the  attack. — The  epithelium  of  the  intejitine. 
^—Formed  and  chemical  constituenis  of  the  dejections  in 
chcUtra. — The  rics'tvater  not  a  transudation,  but  a  ttecre* 
tion  of  the  intestinal  mnco^us  membrane. — Explanation  of 
the  processcft  occurring  in  cholera. 

The  peristaltic  mtjvements  of  the  intestine. — Their  morbid 
iniensijication. — Its  causes. — Purgatives. — Infective  rfuw- 
rh(0€ui, — Enteritis. —  Ulcers  of  the  intestine. — Dtarrhcea. — 
Impeded  absorption  of  water  from  the  intestine. — The  fmces 
in  diarrhaa. — Significance  of  diarrhcea  for  the  organism, 
' — Tofnic  intestinal  contractions. — Reductiott  of  the  peristal- 
tic energy  of  the  intestine. — Its  causes. — Constipation, — The 
gases  of  the  intestine. — Meteorism. — Narrowing  of  the  *n- 
t^^ntittal  tube, — Efsnlts  of  the  stagnation  of  the  contents  of 
the  intestine, —  Vomiting  offwc-cs. — Rupture  of  the  over- 
distended  intestine. — Other  solutions  of  its  cofUinuity. — 
Abnormal  communications  with  other  cavities, — External 
intestinal  fistuLie. 

Phthisis  mesentericn.-^ Impediments  to  dcficcation, — Tc- 
n^smua. — Incontinentia  alvi. 

Is  addition  to  the  bile,  another  secretion^  which  is  incom- 
p&rabty  of  tDore  Bervice  in  digcstioTi;  is  poorcd  out  into  the 
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inteBtine  at  the  same  spot  and  at  about  the  same  time.  This 
is  the  pancreatic  juice ;  and  it  mig-Lt  be  erpectcd,  in  view 
of  the  great  importance  of  the  secretion,  that  the  pathology 
of  the  pancreas  would  at  least  occupy  as  large  a  share  of 
our  attention  as  did  that  of  bile-formation  and  excretion. 
This  idea,  however,  is  far  from  being  realised  ;  in  the  first 
place,  because  the  liver  and  the  pancreas  present  tho 
sharpest  contrast  as  regards  liability  to  disease.  This  con- 
trast is  most  striking  in  all  mciantatie  processes.  Not  that 
the  pancreas  enjoys  au  immunity  from  such  affections.  A 
few  tubercles  may  now  and  then  be  found  in  it  iu  general 
miliary  tuberculosis  ;  careful  examination  may  reveal  a  colony 
of  bacteria  or  a  small  abscess  in  pyosmia  or  a  similar  infec- 
tive process ;  and  I  am  very  far  from  disputing  that  a  can- 
cerous metastasis  may  sometimcB  find  its  way  to  this  organ. 
Bat  in  the  pancreas  all  these  are  exceptional,  while  in  tfao 
liver  they  are  the  rule-  When,  for  example,  in  carcinoma 
of  tho  stomach,  tlie  post-mortem  records  frequently  contain 
statements  that  secondary  uodulos  have  been  present  in  tho 
pancreas,  this  is  usually  owing  to  the  confounding  of  cancer- 
ous epigastric  lymphatic  glauds  with  the  panoreaa.  Thia 
organ  is  very  rarely  the  seat  even  of  independent  inflamma* 
tions;  parasites  almost  never  establish  themselves  in  it  ;  its 
vessels  are  not  in  most  cases  attacked  by  amyloid  degeoerft- 
tion ;  and  as  for  the  Jattt/  change,  so  often  said  to  oooar  in 
the  gland-cells,  it  ia  very  questionable  whether  observer* 
have  always  had  before  them  fat-grauules,  and  not  that  «*• 
quisitely  granular  condition  of  the  gl&ud  which  is  present  in 
fasting,  and  still  more  markedly  in  starving,  animals — that 
condition  which  Hcidenhain''^  has  shown  to  indicate  an 
abundance  of  zymogen  in  the  organ. 

Still  there  remain  a  variety  of  conditions  with  which 
pathology  must  deal.  In  tho  first  place,  it  is  obvious  that 
the  pancreaa  will  be  involved  in  the  more  wide-spread  di^ 
rangements  of  tht  circulation — in  general  anajtit*  *  '"  "  ti-com- 
pensatc*d  cardiac  lesions,  and  in  the  passive  li .  ^is  im- 

plicating the  portal  system  alone.     Further,  extreme  atrophy 
of  the  gland  is  not  uncommon,  and  may  he  either  active,  aa 
in  the  aged  and  iu  persons  who  have  patu^ud  through  pro- 
*  Ueidenhiuii, '  Pllug.  A.,*  s.  p.  557. 
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longed  wasting  diaeasosj  or  passire,  as  tbe  result  of  occln- 
ftiou  of  tlie  caoal  of  Wiriiuuf^i  with  secuudary  dilatation  and 
cystic  degeneration  of  tlie  lobules  of  the  gland.  lu  the  next 
place,  we  find  tumours,  especially  caroinomata,  in  the  pan- 
ortas ;  primary  tumours  being  decidedly  commoner  than 
Mooudary.  A  carcinoma  usually  originates  iu  the  Lead  of 
the  organ,  but  may  extend  widely  through  the  gland-sub- 
stance and  displace  it.  Lastly,  we  Lave  to  take  iuto  ac- 
ooont  those  factors  which,  though  not  directly  affecting  the 
puioreaa,  impede,  or  render  impossible,  the  evacuation  of  its 
Mcrn/u^u  irtlo  the  inteailne.  Here  must  be  mentioned  concre* 
<M»tf,a&curide8wLicL  bometimes enter  tLe  ductus  paucreaticus^ 
tumours  preasiug  on  the  duct  from  without,  carcinoma  of  the 
duodenum  directly  occluding  the  orifice  of  the  duct :  but 
chiefly  I  de«ire  to  remind  you  of  a  circumstance  already  dwelt 
upon  in  couuectiou  with  icterus  catarrhalis,  that  every  £ra«i£ro- 
drntdewil  catarrh  of  sufficient  intensity  to  occlude  the  ductus 
choledochus  must  necessarily  render  the  ductus  Wirsuugiauua 
impassable,  since  the  pressure  under  which  the  pancreatic 
juice  is  st'creted  is  not  greater  than  that  uf  the  biliary  secre- 
iion.f  This  catarrhal  obstructiou  it  is  that  perhaps  claims 
ifa«  greatest  pathological  interest,  not  merely  because  of  its 
great  frequency,  but  especially  because  the  second  or  acces- 
sory, sttialler  duct  of  the  gland,  which  enters  the  intestine 
independently  and  is  so  commonly  present  in  man,  will  be 
oootuded  iu  catarrh,  while  other  obstacles  not  rarely  leave  it 
perriooB. 

Liet  as  now  see  what  influence  these  different  pathological 
processes  exert  on  the  secretion  of  the  pancreatic  juice,  and 
OOBsider  the  effects  which  possible  quantitative  or  qualitative 
changes  in  the  secretion  may  produce  on  digestion  and  the 
organism  in  general.  It  must  at  the  outset  be  confessed  that 
wo  are  iguoraut  of  the  behaviour  of  the  pancreas  in  cardiac 
lesions  and  in  other  varieties  of  circulatory  disturbance.  It 
IM  probable  that  in  pyrexial  diseases  and  in  extreme  annemia 
the  production  of  the  pancreatic  jnice  suffers  equally  with 
that  of  the  other  digestive  fluids,  if  for  no  other  reason,  be- 
cause fever  patients  more  particularly  are  accustomed  to 
take  Little  nourishment ;  and,  as  you  are  aware,  the  pan- 
•  Uviduobuia,  '  Fflug.  A^*  Xit,  p.  457. 
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creatic  secretion  is  not  more  dependent  on  anything  than  on 
the  ener^  of  gastric  digestion  and  of  uutritioD  generallj. 
How  the  function  of  the  pancreas  is  affected  by  cirrhosis  of 
the  hver^  or  by  non-compensated  cardiac  lesions,  we  cannot 
even  guess.  Again,  though  statements  as  to  the  composition 
of  the  bile  in  the  various  diseases  abound  in  the  litentture, 
there  is  a  proportionate  paacitj  of*  data  with  regard  to  the 
constitution  of  the  pancreatic  juice  ;  and  our  knowledge,  sach 
fts  it  is,  of  the  changes  occurring  in  the  composition  of  tha 
latter  fluid  is  altogether  dne  to  observations  on  pancrofttic 
fistulee  cstablishod  by  physiologists.  Such  being  the  stato 
of  the  case,  only  one  condition  remains  to  be  discaseed 
by  the  pathologist — the  diminished  secretion  of  the  pancreatic 
juice.  That  a  gland  which  has  undergone  marked  atrophy 
or  been  converted  into  a  cystic  tissue  or  been  replaced  by 
masses  of  cancer,  cannot  prodnce  the  normal  amount  of  secre- 
tion, requires  no  demonstration  ;  in  the  most  extreme  degreea 
of  atrophy  or  of  degeneration  all  secretion  will  no  doubt 
cease.  Bat  this  involves  the  discharge  of  too  little,  or  of  no, 
pancreatic  juice  into  the  intestine,  and  intestinal  digestion 
must  necossarily  take  place  iciihout  Um  cu-opcration  of  this 
fno$t  ivtjiortctnt  secretion.  The  same  result  will  follow  when 
the  juice,  though  produced  by  the  gland,  is  not  poured  out, 
owing  to  occlusion  of  the  caual  of  Wirsung.  How  dcies  int<>s* 
tinal  digestion  take  place  in  such  circumstances? 

Yon  will  certainly  expect  that  the  absence  of  pancreatic 
jaice  should  much  more  seriously  dibturb  the  digestive  pro- 
cesses than  would  the  absence  of  bile.  The  pancreatic  juice 
contains  most  energetic  ferments,  which  are  capable  of  act- 
ing on  all  three  chief  categories  of  our  foods,  the  albumens 
and  carbohydrates  as  well  aa  the  fats ;  and  tht're  can  he  no 
doubt  that,  in  a  normal  condition,  it  is  mninly  the  office  of 
the  pancreas  to  transform  all  the  albumen  not  peptouised  in 
the  stomach  into  substances  easy  of  absorption,  and  that  the 
organ  also  acts  on  the  great  bulk  of  the  amylaceous  constita- 
enlfl,  only  small  quantities  of  which  can  be  convi*Ked  into 
sugar  by  the  action  of  the  saliva.      Wliat  an  energetic  part  xa 

played  in  the  digestion  of  fat  by  the  pancrefttJ'*  •■   "  ^  as 

lately  been  dwelt  on.     Indeed,  ono  might  aimo  lJ 

to  ask — Can  a  tme  and  regular  intestioal  digestion  take  place 
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in  the  absence  of  tbis  seoretion  ?  It  does  take  place, 
however,  and  in  an  astonishingly  perfect  manner.  Hutnau 
pathology,  it  is  true,  is  not  often  in  a  position  to  a£ford  cer- 
tain information  on  this  point,  since  the  lesion  of  the  pan- 
creas is  almost  always  associated  with  others  which  more  or 
lesfl  severely  disturb  digestion.  When  an  old  persoDj  in 
whom  the  organ  is  atrophied,  or  a  patient  suffering  from 
cancer  of  the  pancreas  or  duodenum,  becomes  emaciated,  it 
is  scarcely  justifiable  to  ascribe  this  result  to  the  absence  of 
pancreatic  jnice  ;  and  in  gastro-intestinal  catarrh  the  bile 
is  absent  in  addition.  In  the  decision  of  this  question, 
therefore,  those  cases  almost  alone  can  be  ulilJKed,  where  the 
canal  of  Wirsung  is  occluded  by  a  stone  or  the  like  ;  and 
even  then,  only  those  instances  in  which  the  patient  ia  free 
from  other  digestive  or  wasting  diseases.  I  recently  stated 
that  stress  has  been  laid  on  the  occasional  presence  of  Bucb 
a  condition  in  the  bodies  of  diabetic  persons,  and  at  the  same 
time  remarked  that  in  my  opinion  no  necessity,  or  rather  no 
justification,  exists  for  ascribing  to  their  concurrence  a  causal 
connection.  On  the  other  hand,  there  need  be  no  hesitation 
in  regarding  a  deficiency  of  the  pancreatic  juice  as  the  cause 
of  the  imperfect  digestion  and  absorption  of  fats^  which  has 
several  times  been  observed,*  and  is  evidenced  by  an  abun- 
dance of  fat  in  the  faeces  or  even  by  actual  itteatorrhaea.  This, 
however,  ia  the  only  anomaly  uf  digestion  which  is  certainly 
proved  to  result ;  and  even  it,  though  repeatedly  noticed,  is 
far  from  constant  in  such  circumstances.  In  most  instances, 
the  imperviousneas  of  the  duct  or  the  degenerution  of  the 
pancreas,  whatever  its  cnuse,  is  merely  discovered  by  accident 
at  the  autopsy,  there  having  been  nothing  that  pointed  intra 
vitam  to  a  serious  derangement  of  digestion  ;t  and  we  meet 
in  the  literaturej  with  express  statements  that,  in  spite  of 
extreme  atrophy  of  the  pancreas,  the  chyle-vessels  were 
found  distended  by  white  chyle. 

These  observations  are  supplemented  in  a  very  welcome 
way  by  experiments  on  animals.  There  is  no  difficulty  in 
tying  the  pancreatic  duct  in  the  cat  or  dog,  and  in  the  rabbit 

*  Qaote<l  hr  Klebtt,  *  li&ndb.  d.  pathol.  Anat.,'  i,  p.  346. 

t  Cf.,  for  eiAnij>Ie.  Litten, '  (Neao)  Charit^-Annaltjii.'  iv  and  v, 

{  Hoppe-Seylflr,  *  PhyitiolugiBcbe  Chemie,'  p.  358. 
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the  appUcaiiou  of  iLe  ligature  18  one  of  the  simplest  opctm- 
tioDS.  If  gently  done,  especially  under  antiseptic  preoAutious, 
the  auimals  stand  the  operation  excellently,  and  their  con- 
dition can  hai*dly  bo  said  to  be  a  diseased  one ;  the  mo«t 
that  happens  is  a  slight  falling  off  in  the  appetite  for  the  first 
few  days.  This  is  aubsequontly  recovered^  however,  and 
when  the  ordinary  food  is  then  given,  the  behaviour  of  the 
animals  as  regards  digestion  and  nutrition  is  precisely  as 
before  the  operation.  This  holds  equally  good^  you  will  ob- 
serve,  of  oarnivora  and  herhivora^  nor  is  it  less  trae  when 
the  occlusion  has  lasted  long.  If  it  be  objected  that  in  tho 
dog  the  whole  of  the  pancreatic  juice  is  ntit  excladed  from 
the  intestine  by  ligature  of  the  canal  of  Wirflung^  I  answer 
that  in  rabbits  there  is  no  second,  accessory  excretory  duct, 
neither  does  regeneration  rapidly  lake  place  in  them ;  at 
any  rate,  PawIofF,*  working  iu  Heidenhain's  laboratory,  saw 
no  sign  of  a  restoration  of  the  duct  during  thirty  days.  Ob- 
jertions  of  the  kind  are,  however,  completely  overthrown  by 
some  experimental  carried  out  by  Schilf,t  who  succeeded  iu 
producing  complete  atrophy  and  disappearauce  of  the  gland 
in  dogs.  This  Bernard  had  failed  to  accomplish  to  hia  satin- 
faction  by  injecting  oil  into  the  principal  duct,  u  result 
secured  by  SchiCT  by  introducing  melted  paraffin,  which  quickly 
solidiHed  at  the  temperature  of  the  body.  The  ammaU  so 
treated  also  exhibited  no  digestive  disturbance,  and  iu  par- 
ticular they  could  digest  fat  as  well  as  ever,  and  when  wirll 
fed  underwent  a  perfectly  noruul  increase  iu  weight.  Birds 
ulouo  roact  ditJerently  to  the  exclusion  of  the  pancreatic  juice 
from  the  bowel.  It  was  first  of  all  determined  by  Bcmardt 
that  pigeons  and  ducks  only  survive  the  ligatured  the  canal 
of  Wirsung  for  at  most  ten  to  twelve  days.  More  recently 
Luugeudorff^  has  discovered,  by  careful  experimental  lui'tis* 
ligation,  that  in  piguons  the  craviug  for  food  increasen  enor- 
mously a  few  days  after  the  closure  of  the  ductus  pancreatioutt, 
mud  that^  in  spite  uf  this,  the  auimalu  steadily  lose  woight 

•  Pttwloff.  •  Pflug.  A.,'  xvi,  p.  123. 

t  Sdiiff.  •  La  Nwiooe;  1871.  N«.  I62— lid,  rvferrei  to  in  '  M*<1  CV»* 
tndbl..'  187*.  p.  790- 

I  01.  Uemani,  *  ll^mcnre  l  I  pftokr^/  18^6,  p,  533. 
§  LnngendoHf,  'A.  f.  Pbyaiol.,'  1879,  p.  t. 
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becsoM  the  food*8tnffs  taken,  especially  peas,  are  discharged 
olrtufH  unaltered  from  ike  body.  It  is  chiefly  the  diijestioa 
of  the  Ciirhohydrnten  that  is  greatlj  interfered  with  in  these 
&nimaU»  so  much  so  that  the  addition  of  sngar  to  their  diet 
is  capable  of  very  conaiderably  postponiug  the  faUl  issue. 
Bat  this  which  ia  true  of  birds  does  not  apply  to  mammals  j 
the  experimental  reaalta  already  referred  to  teach  that  in 
them  opposite  conditions  prevail.  I  have,  however,  no  fear 
thfttyou  miiy  therefore  concludo  the  pancreatic  juice  to  be  an 
uniniportantdigeHtive  secretion  in  the  mammalia;  what  cannot 
be  disputed  is  the  capacity  of  the  mammalian  organism  to 
make  good  by  other  means  the  loss  of  the  pancreatic  jnioe^ 
ft&d  thus  to  avert  injury  to  digestion.  This  is  partly  effected, 
beyond  donbt,  by  the  aid  of  the  other  digestive  juices.  The 
OonTersion  of  starch  into  sugar  is  brought  about  by  the  agency 
of  the  snooas  entericns,  and  the  digestion  and  absorption  of 
the  fats  is  then  thrown  essentially  upon  the  bile.  But  there 
is  no  other  digestive  fluid  which  is  capable  of  acting  on  the 
flesh  and  other  albuminous  bodies  not  peptonisod  in  the 
Rtomaoh  or  on  the  peptones  precipitated  by  the  bile  ;  and  if, 
in  spite  of  the  occl  anion  of  the  pancreas,  these  substances  are 
digested,  this  is  due  simply  to  the  decompositions  brought 
about  by  the  btuUrla  which  are  always  present  in  the  intes- 
tinal canal,  i. «.  hy  ihfiaid  of  pntref action.  By  the  agency  of 
bacteria,  neutral  fats  can  also  probably  be  split  op  in  the 
inteBtine,  so  that  there  will  even  be  no  dearth  of  the  fatty 
»cids,  by  separating  which  the  pancreas  is  ordinarily  such  an 
essential  instrument  in  preparing  the  fata  for  absorption. 
More  importance,  at  any  rate,  attaches  to  the  fact,  that  the 
patre&K^tive  decomposition  of  albumen  in  the  intestine  gives 
rise  first  to  peptonoid  bodies  which  are  therefore  readily  ab- 
sorbed, and  further  to  bodies  poorer  in  nitrogen,  such  as 
lencin  and  tyrosin,  which  in  a  normal  condition  are  separated 
from  albumens  by  the  pancreatic  juice. 

The  experiment  of  ligatnring  the  pancreatic  duct  is  also 
calcalated  to  afford  information  on  another  qnestion  of  no 
lesa  theoretical  and  practical  interest,  namely  the  ahodt^  of 
lk$  setrttiofi  when  its  escape  is  prcvetitcd.  For  that  the  pro- 
oeea  of  secretion  goes  on  continuously  after  ligature  of  tha 
dnct  has  been  directly  demonstrated  in  Heidenhain's  labora- 
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tory  ;*  even  after  the  lapse  of  thirty  days  there  flowed  from 
a  cannula  introdaced  into  the  duct  a  secretion  which  dis- 
played no  noteworthy  difference  as  compared  with  the  normal 
pancreatic  juice  of  the  rabbitj  except  that  perhaps  it  was 
slightly  less  in  quantity.  This  diminution,  however,  is  not 
surprising  ;  for  a  great  part  of  the  gland  atrophies  in  couse* 
quence  of  the  dilatation  of  the  duct^  the  place  of  the  gland- 
substance  being  taken  by  connective  tissue  abounding  in 
lymph-cellsj  just  as  happens  in  the  guinea-pig's  liver  aftor 
ligature  of  the  ductus  choledochus.  But  if  the  pancreas 
goes  on  secreting  after  closure  of  the  duct,  while  the  dilata- 
tion of  the  latter  continues  moderate  in  degree  and  is  evi* 
dontly  incapable  uf  affording  room  for  the  secretion  even  of 
a  few  days,  it  follows  that  the  pancreatic  juice  must  be  a6- 
aorbed  and  carried  off  by  the  blood- veiseU  O)  lymphatics  of  tht 
gland.  The  case  is  precisely  similar  to  that  of  the  bil«, 
though  the  occurrence  of  absorption  canuot  so  readily  be 
detected,  owing  to  the  colourlessness  of  the  pancreatic  juice, 
as  when  bile  is  absorbed  with  its  characteristic  and  striking 
pigment.  Now  pancreatic  juice  is  much  less  of  an  indifferent 
fluid  than  bile,  and  in  particular  it  contains  a  ferment,  the 
tryptfin,  which  has  tht*  power  of  readily  aud  rapidly  dissolving 
all  albuminous  substances  in  a  slightly  alkaline  solution,  and 
which  might  therefore  be  expected  to  exert  a  most  deleterious 
effect  on  the  blood  and  its  formed  constituents.  But  nothing 
of  this  kiud  happens.  There  is  positively  nothing  to  indicate 
that  any  kind  of  abnormal  process  is  taking  place  in  the 
blood  ;  the  animals^  as  repeatedly  stated,  behave  precisely 
as  in  health.  The  same  absence  of  results  was  observed  by 
Kiihnet  on  injecting  a  solution  of  trypsin  directly  into  a  vein. 
As  after  these  experiments  he  could  detect  the  ferment  in 
the  urine,  it  is  probable  that  the  ferment  absorbed  from  the 
pancreas  is  also  simply  oxoretod  with  the  orine^  in  so  far  at 
least  as  it  is  not  reconverted  into  harmless  zy"  ^'rhape 

by  the  withdrawal  of  oxygen.      Not  alone  iu  tl  ■  <>j  bow- 

ever,  does  the  pancreatic  juice,  usually  so  energetic,  prove 
itself  perfectly  innocuous;  It  is  equally  harmless  iri  "  '  ?.>- 
minal  cavity.     If,  as  often  happens,  the  cannula  s^  ly 

•  Pawloff, '  Pfliig.  A-,'  xvi,  p.  la^. 

t  Kuluiis  *  VorbandU  4.  n»tiu>litkt.  ue<L  Verrin*  lu  HuiUdb.,'  ii.  Heft  I. 


8TJ00US   ENTEBIOUS. 

slips  out  of  a  pancreatic  fistula,  the  juice  will  necessarily 
o&cape  into  the  abdominal  cavity  for  a  time,  but  without  the 
slightest  iDJury  to  the  animal,  without,  indeed,  any  disturb- 
ance of  the  healing  of  the  wound  or  of  the  regeneration  of 
the  injured  duct.  This  is  a  fact  which  has  been  observed* 
by  many  physiologists,  and  is  all  the  more  remarkable  as 
Kuhne  produced  "  the  most  horrible  decomposition "  by 
anbcutaneously  injecting  the  same  solution  of  trypsin  which 
fae  found  to  be  indifferent  when  introdnced  into  the  blood. 
It  is  impossible  to  discover  at  present  on  what  this  dissimilar 
behaviour  of  the  abdominal  cavity  and  subcutaneous  connec- 
tive tissne  towards  the  pancreatic  juice  depends. 

With  regard  to  the  relations,  more  than  once  referred  to, 
wUok  have  been  supposed  to  exist  hctween  diaheiett  and  dis' 
40HV  o^  the  pancreas  J  it  will  be  of  interest  to  you  to  learn 
that  Heidenhain*  has  mver  discovered  the  least  ground  for  suck 
an  assumption  in  the  animals  experimented  on  by  him.  On 
the  one  hand,  ho  was  able  by  the  piqunre  to  produce  the  most 
typical  diabetes  iu  animals  whose  pancreatic  juice  was  con- 
ducted oat  of  the  body  ;  and,  on  the  other  hand,  he  always 
failed  to  detect  sugar  in  the  urine  of  rabbits,  in  which  the 
can^l  of  Wirsnng  had  been  ligatured  for  a  longer  or  shorter 
period. 


Of  the  remaining  digestive  juices  poured  out  into  the  in- 
testine, the  secretion  of  Brunner'a  glands  is  of  little  interest 
to  the  pathologist.  For  even  its  physiological  significance 
in  man  is  still  unknown  to  us  ;  and  Griitzuert  has  not  veu- 
tared  to  decide  whether  the  glands  of  Brunner,  like  those  in 
the  pylorus,  behave  as  purely  peptic  glands  in  any  other 
species  than  those  examined  by  him,  i.  e.  the  dog  and  swine  : 
still  less  are  we  acquainted  with  any  sort  of  pathological 
process  occurring  in  these  glands.  On  the  other  hand,  the 
secretion  of  the  glands  of  lAeherkuhny  i,  e.  the  sueeus  entericus, 
demands  a  thorough  discusHion.  This  jnice  has  already 
a  formal  history.  Its  existence  was  inferred  on  theoretical 
grounds  by  the  older  physiologists,  who  attributed  to  it  a  very 
considerable  role  in  the  digestion  of  food-stuffs.   Subsequently 

•  Heidenhain, '  Pfltig.  A.,*  xiv,  p.  457. 
t  Grntiner. '  Pfliig.  A.,'  xii,  p.  385. 
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the  prevnlent  idefts  ms  to  this  secretion  and   iu  effects  w^ro 

brought  within  tnodent  boandii  by  Thiiy'e  wen-kno^  '  i- 

gation  ;*  and  fK>  fttrong  has  been  the  reaction  agiuti-  id 

belief  that  doubt  has  recently  been  thrown  even  on  tb«  occor- 
renee  of  anj  secretion  by  the  intestinal  wall^  and  in  partionlar 
by  Lieberkahn's  glands,  and  this  too  by  a  highly  reputable 
autbority.t  Yet  snch  scepticism,  in  my  opinion,  overahoote 
the  mark.  The  method  employed  by  FrerichsJ — tying  of  ft 
loop  of  intestine  emptied  by  previoaa  squcpzing — did  not,  it 
Is  tme,  allow  of  his  obtaining  pnre  intestinal  juice ;  bat  wboti 
a  dog  which  has  fasted  for  several  days  is  taken,  and  a  doable 
ligatore  applied  to  a  loop  of  intestine  for  some  honrs,  after 
prerioDsly  squeezing  or,  better,  washing  it  aat,  I  am  at  a 
loss  to  imagine  how  the  more  or  less  large  quantity  of  fluid 
with  which  it  becomes  filled  should  be  regarded,  if  not  as  Ihs 
itetretion  of  the  inUstinnl  ntiicoiur  m^mhran^.  Tlie  idea  that 
ite  source  is  an  abnormal  transudation  from  the  blood-reaeela 
of  the  intestine  into  the  intestinal  canal  is  negatived  not  only 
by  the  complete  absence,  after  this  operation,  of  any  kind  of 
circnlatory  distnrhance  in  the  intestinal  walls,  bnt  especially 
by  the  anatomical  arrangements  of  the  part  in  question,  ■« 
well  as  by  the  characters  of  the  fluid  itself.  Conditions 
giving  rise  to  an  abnormally  increased  transndation  from  the 
vessels  of  the  intestine  are  far  from  uncommon  in  pathology  ; 
bat  while  an  increase  of  the  lymph-stream  fr<")m  the  intestine, 
cedema  of  the  intestinal  wall,  or  ascites  is  often  enough  the 
consequence  of  hepatic  cirrhosis,  or  of  imperfectly  compen- 
sated cardiac  lesions,  there  is  in  these  cases  no  effasion  of 
fluid  into  the  intestinal  canal.  Even  for  enteritis,  it  ii  by 
no  moans  made  ont  that  the  oxnded  flnid  enters  the  cavity, 
so  long  at  least  as  the  epithelium  of  the  intestine  remains 
intact.  That  it  might  enter,  it  would  at  any  rate  be  necea- 
aary  that  the  inflammation  should  be  accompanied  by  aa 
actual  exndation,  and  that  this  is  excluded  in  the  present  in- 
stance is  proved  by  the  absence  of  all  hypereemia,  and  no 
less  by  the  poverty  in  allmmen  of  the  fluid  poured  out.  Tha 
albumen-contents  amount  to  not  more  than  a  few  milligratna 
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per  thoofiand,  and  eren  Uien  a  part  is  derived  from  the  ceUs 
c<;nlikined  in  tbe  muooua  flakes  which  are  suspended  in  the 
fluid,  A9  well  as,  no  doubt,  from  the  intestinal  contents,  some 
of  whiobj  despite  tbe  squeezing  and  washing,  remain  adhering 
to  the  mucous  membrane.  But  who  could  suppose  a  fluid 
hftTing  such  characters  to  be  a  transudation  from  the  blood  T 
Too  will  not  misunderstand  me :  I  do  not  deny  that  fluid  may 
under  certain  circumstances  pass  out  of  the  vessels  of  the 
mncoufl  membrane  iuto  the  cavity  of  the  intestine ;  in  all  nl- 
oerati?e  processes,  all  diphtheritic  inflammations,  t.  e,  in  every 
Oftee  where  the  epithelium  is  destroyed,  this  may  undoubtedly 
occur,  and  the  very  cousiderable  albumen-contents  of  dysen- 
ierio  stools  teaches  unmistakably  that  it  does  occur.  It  is 
»ltto  true  that  the  fluid  which  accumulates  in  a  few  hours  in 
A  ligatured  loop  of  intestine  into  which  a  few  cubic  ceuti- 
metrM  of  a  conoeotrated  solution  of  Kpsom  salts,  Glanber's 
•kite,  or  common  salt  have  been  injected*  may  in  part  have 
diffu«ed  over  from  the  vessels  of  the  mucous  membrane,  but 
this  does  not  at  all  justify  the  assertion  that  every  fluid 
poured  oat  from  the  wall  into  the  cavity  of  the  intestine  is  a 
transodntiou  from  the  blood.  Add  to  all  this  the  observations 
of  &  large  number  of  writers^t  mmle  on  Thiry's  flstnliBj  that  a 
piihce  of  iuteetine  thns  isolated  produces  almost  no  secretion 
in  a  fasting  condition  and  during  rest,  but  pours  out  no  in- 
tiODsiderable  quantity  of  fluid  on  mechanical  or  electrical 
•timulation  and  during  digestion.  Lastly,  should  any  doubt 
still  remain  as  to  tbe  secretory  capacity  of  the  intetttinal  mn- 
oooB  membrane,  it  is  set  aside  by  the  discovery  t  in  Kiihne'a 
laboratory,  that  the  injection  of  0*0 1  pilocarpine  into  a  en- 
tAQeoDS  vein  is  followed  in  a  few  minutes  by  an  extremely 
strong  and  rapid  How  from  the  Thiry's  flMtnla. 

However  indubitable  it  accordingly  is  that  an  actual  se- 

•  Bri(?(f<»r,  'A.  f.  exjwrim.  Pathol./  riii,  p.  355. 

•f  Kuhae* '  Phjtiol.  Ch^ini*/  p.  136,  '  Verbandl.  d.  naturh.-med.  Vcreini 
n  B»id»Jb«rg.'  ii.  Hft.  i  ;  Leube,  '  Ueitrmge  xox  Kenntnlu  dm  Diinndnrm- 
mhta  tt.  «.  Wtrkuntci^n,'  ErUugt-n,  1S68 ;  SchliF,  *  11  Morffagiti/  1867.  No.  9  ; 
Qainrk«, 'A.  f.  Atmt.  ii.  Phjralol./  1S68.  p.  150;  Mastuff,  *  Untemach.  d. 
phrniol.  Inrt.  zu  Heidelberg,'  ii.  p,  390;  PobTwUwin,  '  Unt^rsuchungen 
Mu  dem  Gni»f*r  phjuinl.  txifttitut./  1870,  Kft.  1,  p.  73;  Heid^nhain,  in 
HenuannV  '  Uaiidbucb,'  v,  p.  163 
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cretion,  the  aiiccos  ontericns,  is  produced  bj  the  glanda  of 
the  intestinal  mucous  inetnbraDe,  it  is  no  !•  lin  that  the 

roie  which  falls  to  the  intestinal  juice  io  m  r>  ia  a  very 

sabordinate  one.  The  sole  {ermeDtatire  sction  which  has  been 
noticed  by  the  majority  of  observers  in  th«  succuh  entoricus 
of  the  dog,  and  more  recently  in  a  case  of  complete  fistula 
of  the  small  intestine  in  tnan,*  is  the  capacity  of  converting 
starch  into  grape-sugar  aiidof  producing  grape- from  cnne~sugar. 
On  the  other  handj  the  intestinal  juice  has  no  action  on  fats, 
on  cooked  or  raw  flesh,  or  on  coagulated  egg-albumen — in 
fact,  on  most  albuminous  bodies.  Raw  fibrin  is  the  only 
such  substance  which,  according  to  several  writers,  can  be  dis- 
solved by  the  succus  entericaitf  and  a  comparatively  long  time 
is  required  for  its  solution.  This  result,  however,  is  not  un- 
assailable. For  if  the  solution  is  effected  in  an  alkaline  or 
neutral  medium,  it  is  necessary  to  completely  exclude  the  co- 
operation of  poti*efaction,  before  the  presence  of  a  specific  di- 
gestive juice  can  be  fairly  inferred;  and  a  sli)L,''ht  degree  of 
solobility  in  an  acid  medium  does  not  allow  of  our  drawing 
any  conclustou,  iniMmuch  as  minute  quantities  of  pep.tin  have 
been  det-ected  by  Briicke  and  Kiihue  in  almost  all  the  juices 
and  tLsAue».  When  Masloflt  added  antiputrefactive  thymol 
to  the  alkaline  intestinal  juice  obtained  from  a  Tliiry's  fistula, 
he  failed  in  dissolving  the  tibrin. 

Such  being  the  sUite  of  affairs,  it  will  hardly  be  nttppo»ed 
that  a  diminution  of  the  secretion  of  succus  enbericua  can 
have  any  pi*actioal  importance  for  intestinal  digestion.  More« 
over,  we  do  not  know  of  any  pathological  process  by  which 
the  secretory  power  of  the  intestinal  mucous  membrane  is 
generally  arrested  or  considerably  reduced ;  the  most  oxten- 
sivo  and  numerous  nlcorations  of  the  mucous  membnine  al* 
ways  leave  large  surfaces,  chiefly  in  the  jejunum,  unde«troyi?d. 
More  interest,  it  seems  to  me,  attHchea  to  the  question — 
whether  morbid  conditions  oxist,  under  the  influence  of  which 
thu  mxretitm  of  intestinal  juioii  bccovt^^  confiderahly  greater^ 
mors  profuse,  than  normal.  This  qnetstion  is,  tn  the  first  place« 
snggetited  by  a  remarkable  experiment  devisetl  by -A  i.J 

When  the  whole  of  the  nerves  passing  in   tlic  m  io 

•  Domuit,  '  Virck  A./  Iikv,  p.  419. 
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ft  doubly  ligatiirod  (previously  emptied)  loop  of  intestine  are  ' 
divided  at  s^irae  distance  from  the  bowel,  the  loop  becomes 
filled  rapidly  or  slowly,  but  always  within  a  few  honrs,  with 
•  considerable  amount  of  alkaline,  pale  amber- coloured,  thin 
floid,  which  is  turbid  owinff  to  the  presence  of  nnrabera  of 
yellowish  white  mucus-like  Hakes,  and  has  a  very  low  specific 
grwrily,  containing  less  than  '5  per  cent,  organic  and  abont 
doable  as  much  inorganic  constituents.  Of  the  latter,  soda- 
salte  decidedly  preponderate,  there  being  present  a  compara- 
tively large  quantity  of  carbonate  and  bicarbonate  of  soda, 
BO  that  the  liquid  effervesces  on  the  addition  of  acids.  Of 
the  organic  constituenta,  albumen  forms  nearly  a  third,  while 
arva  was  also  detected  by  Moreau.  Consider  in  addition  that 
Maaloff  was  able  by  means  of  the  liquid  so  obtained  to  con- 
rtrt  starch  into  sugar^  and  you  will  admit  that  its  agreement 
with  intestinal  juice  is  ver}'  complete.  The  similarity  is  not 
Usaaened  by  the  presence  of  the  above-mentioned  flakes,  form- 
ing M  these  do  a  characteristic  constituent  of  the  secretion 
of  Thiry'a  fistula,'*'  uor  by  the  minute  quantity  of  urea,  since 
nrea  passes  over  into  very  many  of  the  secretions.  If  this 
liqaid  were  a  transudation,  it  would  bo  incredibly  poor  in 
albumen,  even  if  we  ignored  the  fact  that  such  an  abnormal 
increase  of  the  transudation  as  the  result  of  division  of  the 
nerves  has  never  been  observed  elsewhere.  Everything  con- 
■idered,  it  seems  to  tne  much  more  plausible  to  believe  that  in 
Morean's  experiment  we  have  a  hypersecretion,  of  buccus  en- 
tericus,  perhaps  paralytic  in  charncter. 

The  entire  question  acquires  an  actual  importance  in  patho- 
logy only  through  its  bearing  on  one  of  the  most  remarkable 
and  dangerous  of  diseases,  namely  cholera.  The  pathogno- 
monic criterion  of  cholera  is,  as  is  well  known,  the  cojnou» 
riee'Vater  evacuaiifms  per  ntt  et  anum,  to  which  the  pa- 
tients are  subject  in  the  choleraic  attack  proper,  either  after 
■ome  days  of  diarrhoea  or  in  the  absence  of  this  precursor. 
That  the  evacuations  are  the  result  solely  of  a  copious  dis- 
charge of  rice-water  fluid  into  the  digestive  canal,  is  the  less 
naeetsary  to  prove,  since  in  every  epidemic  a  large  number  of 
p^TVons  perish  who  have  had  little  or  no  vomiting  or  diarrhoea, 
yet  in  whose  intestines  litres  of  the  characteristic  fluid  aro 
*  LeTib«,  loe.  cit.,  p.  359. 
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found  at  tho  aatopsy.  In  each  persana  the  irritability  of  tlie 
nervons  system  has  become  ao  blanted,  that  the  Haid  accumn* 
lalud  in  the  intestinos  is  incapable  of  exciting  the  act  of 
vomiting  or  of  defo^oation.  It  is  equally  nnneceesary  to  ahow 
ipecially  that  the  tlnid  evacuations  really  form  the  centra}^ 
tint  of  the  entiro  disease  ;  for^  as  already  pointed  out  (vol.  Ij 
p.  466),  it  is  these  which  gradoally  bring  about  that  extreme 
inspissation  of  the  blood  which  in  the  severest  coses  finalljiF 
poU  an  end  to  the  circulation  and  in  this  way  destroys  lift 
In  order  to  understAud  cholera,  therefore,  it  is  indispensable 
that  we  should  possess  an  accurate  acquaintance  with  the 
mechanism  and  processes  on  whitrh  the  discharge  of  fluid  into 
the  intestinal  canal  depends.  Now,  you  need  have  no  fear 
that  I  am  about  to  bring  before  you  the  evidence  in  extenm  for 
the  view  that  the  ultimate  cause  of  cholera,  this  exquisitely 
rpidcmic  disease,  is  to  be  sought  in  a  8peci6c  virutt — a  virus 
which  more  than  probably  is  an  orgnnunnl^ paraaitic  one;  al- 
though all  efforts  at  finding  it  in  the.  choleraic  stoota  and 
dead  body  have  hitherto  miscarried.  To  ns  the  only  qu< 
tion  of  interest  is  the  modns  in  which  the  human  body  reaottf- 
to  the  cholera  virus  after  this  has  entered  it :  in  other  words 
it  ia  our  bnsinesa  to  inquire— w^enw  comrn  the  fifiid  ^kic\ 
is  poured  out  into  the  intetftitie  during  the  attack,  and  in  what^ 
way,  by  means  of  what  mechanism,  is  it  poured  out  ? 

We  may  at  once  eliminate  one  possibility  from  our  discni 
sion,  namely  that  the  copious  dejections  are  due  to  eqnalljr' 
copioufidmnghta  of  liquid.  Not  that  tho  evacuationsof  cholera 
patients  contain  no  ingesta  I  On  the  contrary,  when  tho 
seizure  is  somewhat  suddenly  developed,  tho  ordinary  con- 
tents of  the  stomach  and  intestines  are  always  expelled  by 
the  Brst  few  acts  of  vomiting  and  defsBcation  ;  and  during 
the  subt^equent  course  of  the  attack  the  drinks  taken  are 
for  the  most  part  at  once  vomiied.  But  to  say  nothing  of 
the  chemical  difiPerences,  the  notion  is  com|  '  -erthrown 

by  the  fact  that  the  total  amount  of  fluid  l^,--.:.  d  as  good 
as  invariably  exceeds  the  total  liquids  partaken  of,  tho  ax- 
!s«  being  always  considerable  and  sometimes  aeretml  timefl 
Iho  amount  taken.  Moreover,  the  inspiaaatioa  of  the  blood 
and  tho  disappearance  of  the  jiitc««  of  the  tiHsnea  indicate 
only  too  clearly  the  «onrco  of  the  rice-water,     'fho  inspisw- 
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tioQ  does  not  aduiit^  it  is  true,  of  any  direct  oonchision  bein^ 
drawn  from  it  as  to  the  mecLanism  of  the  Euid  evacuatioos. 
When  saliva  is  poured  out  by  the  litre  iu  mercurial  ptyalism, 
it  ia  just  aA  certaiuly  drawn  from  the  blood  ae  is  the  transu- 
dation in  mechanical  hypcrsemia  or  in  inHamination  :  we 
bare,  ii  possible,  to  deteruxine  not  tfu)  fact  itself,  but  thts 
fnannor  in  which  the  fluid  enters  the  intestine  from  the  blood. 
Naturally,  it  was  at  first  hoped  that  the  desired  information 
might  be  obtained  by  an  accurate  examination  of  the  iutee* 
tine,  as  the  locality  affected  by  the  disease.  Opportunities 
for  poat-mortem  examination  are  unfortunately  numerous 
enough  in  an  epidemic  of  choluru  ;  and  there  are  hai'dly  any 
ftppearanceB  more  characteristio  than  those  found  after  death 
form  this  disease — the  tar-like  f|uiility  of  the  bU>od  ;  thedry- 
uaaa  and  peculiar  leathery  toughness  of  the  lungs,  muscles 
Mid  other  tissues  ;  the  soapy  tenacious  feel  of  the  serous 
membranes,  never  to  be  forgotten  by  anyone  who  has  intro« 
duced  the  iiuger  into  the  thoracic  or  abdominal  cavity  of  a 
person  dead  of  cholei*a.  Yet  all  these  appeai*ance8— obviously 
nothing  bat  the  consequences  of  the  rice-water  stools — are 
not  relevant  to  the  question  now  occupying  our  attention; 
for  usj  aa  already  stated,  the  inte»tine  alone  is  of  interest. 
In  cholera  this  organ  contrasts  strikingly  enough,  it  is 
troiv  with  all  the  other  organs,  owing  to  the  quantity  of 
fldid  usually  contained  in  it  ;  but  it  presents  no  other 
well-marked  puthologico-anatomical  characteristic.  In  per* 
■omt  dying  during  the  seizure,  the  mucous  membrane  is  found 
iu  a  state  of  marked  rQ»y  injnctwn  and  hypvrjemia,  with,  as 
%  rule,  something  of  a  livid  tint ;  further,  the  follicles,  both 
agtninated  and  solitary,  are  usually  swollen  throughout  and 
project  above  the  surface  of  the  rest  of  the  mucous  membrane. 
This  latter  appearance  cannot  be  utilized  iu  any  way  for  the 
explanation  of  the  disease,  since  it  is  very  frequently  met 
with  iu  the  greatest  variety  of  conditions,  and  is  present  to 
A  slight  exteut  even  during  every  digestive  period.  Wo 
flball  seek  in  vain  for  hemorrhages,  losses  of  substance,  or 
deposits,  in  short  for  any  iudinputablcr  pathological  sigu.  Nor 
is  micro&copic  examination  of  any  avail.  One  fact,  it  is  true, 
%nd  that  a  very  striking  one,  is  revealed  by  the  microBcope, 
namely  a  ilejii'itiii'y  of  the  iniejitinaLeftithellum.     This  appear- 
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ance  will  be  the  more  certainly  met  witL,  the  more  fluid 
remained  in  the  intestine  and  the  loncrer  the  aut-t^jx^y  has  bee^ 
deferred  ;  it  is  absolutely  certain  t-o  he  found  if  the  contents  of 
the  intestine  have  been  removed  by  fi(]neezing.  Numbers  of 
villi  lire  completely  robbed  of  their  epithelial  covering  ;  the 
snmmitB  ot  others  are  stripped  while  their  bases  are  clothed 
with  undamaged  epithelium  ;  many  others  again  have  their 
epithelium  perfe-ctly  iutuct.  The  abode  of  the  misning  epithe- 
lium is  not  far  to  Reek.  In  the  iotOHtinal  flaid  there  float,  as 
a  rcloj  quantities  of  epithelial  shredsj  both  single  cells  and 
more  especially  connected  cell-groups,  some  being  pretty  large 
membranous  pieces  of  epithelium.  A  very  delicate  appear- 
ance is  presented  by  the  epithelial  coverings  of  villi  which 
aeem  to  have  been  actually  removed  like  the  fingers  uf  a 
glove.  This  oxtonsive  shedding  of  the  epithelium  wae  for- 
merly regarded  a^,  and  is  still  held  by  many*  to  be,  the  dis- 
tinguishing criterion  of  cholera  from  other  acute  diseaeee  of 
the  intestine  accompanied  by  diarrhcpai  to  be,  bo  to  8peak> 
the  anatomical  basis  of  this  disease.  And  iu  fnot  if  such  & 
desqnamation  really  taken  place  at  the  beginning,  or  daring 
the  course,  of  the  attack,  it  cannot  be  questioned  but  that  it 
must  have  the  very  highest  siguiHoance  for  the  entire  pro- 
cesses of  absorption  and  ti*ansudation  from  and  into  the  in- 
testine. But  is  the  desquamation  really  a  pathological  pro- 
cess P  In  reply  to  this  question,  the  circumslanco  that  the 
epithelial  cells  are  always  found  in  the  intestinal  Buid  com- 
pletely unaltered,  and  the  fact  of  the  absolutely  perfect  pre- 
eervation  of  the  tissues  of  the  naked  villi  are  calculated  moiit 
certainly  to  insure  the  oppoaiti<JU  of  anyone  who  knows  that 
the  shedding  of  epithelium  is  preceded  at  other  times  by 
certain  changea  in  it,  and  that  every  mucous  membrane  re* 
acts  with  extreme  sensitiveness  to  an  extouaive  depnval  of 
its  epithelium.  All  speculation,  however,  ia  rendered  super- 
daoua  in  cholera  by  the  ease  with  which  the  ^l  oon- 

tenta  may  be  examined  with  the  greatest  .1...:....  intra 
vitam  :  for  if  epithelium  is  ahed  during  the  attack  we  ma»t 
utH^essarily  find  it  to  a  corresponding  amount   in  ■,> 

tioDi.  Yet,  however  often  and  confidently  its  d:..  ...  in 
the  stools  has  been  asserted,  this  ia  not  the  due.  As  early  mn 
•  Hojipe'SeyUsn  loc.  cit.»  p.  539. 
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tho  epidemio  of  the  fourth  decade,  Bohm*  omphasised  the 
absence  of  epithelium  from  the  cholern  stools  as  contrasted 
with  the  intestiual  couleuts  of  the  dead  body.  Still  more, 
duriug  the  epidemic  of  1866,  many  hundreds  of  rice- 
water  Htools  were  exaxniued  ia  the  various  cholera  lazarettos 
of  Berlin  by  Kiihne,  BrubGTger,t  Hirachberg,  myself,  and 
others ;  but  although  we  all  directed  our  attcutiou  espe- 
cially to  the  presence  of  epithelium  we  only  rivrely  succeeded 
iu  liuding  a  few  undoubted  epithelial  cells  therein  ;  and  evea 
with  regard  to  these  it  was  not  possible  to  absolutely  ex- 
clude an  accidental  cautamiDation.  Accordingly,  there  cannot, 
in  my  opinion,  be  a  doubt  thai  the  entire  dtaqtiaination  of  the 
epithelium  ie  nothing  hut  a  Tt!9ult  of  jutnt-moTtvin  maceratioft. 

The  morphotic  elements  of  the  rice-water  stools  are  of  a 
very  different  nature.  They  are  not  very  numerous,  it  is 
tmc  ;  but  one  is  almost  certaio  to  Bud  a  few  soft;  whitish 
fakes  of  mufuff,  which  couHist  chi^Hy  of  small  clumps  of 
colourless  celltf,  sarroauded  by  a  gelatinous  capsule  ;  red 
corpu&clos  huvo  not  been  observed  in  them.  Bacteria  of 
Tarious  forms  are  invariably  present ;  yet  our  knowledge  of 
the  nature  and  properties  of  parasitic  organisms  iu  iho  year 
1866  was  much  too  imperfect  to  allow  of  our  attaching  any 
special  importance  to  our  observatioosin  this  directiou.  Wo 
ta^  better  informed,  at  any  rat.e,  as  to  the  chemical  constitu- 
tion of  the  chulera-dcjectious.^  Subsequeutly  to  the  removal 
of  whatever  matters  happen  to  be  present  in  the  digestive 
canal  at  the  coumiencemeut  of  the  attack,  the  dejections  pf^r 

um  are  not  esscntinlly  distinguished  from  the  vomited 
aterial.  The  excess  of  water  in  the  vomit,  and  the  lower 
specific  gravity  (1,002  to  i>oo5)  thus  conditioned,  depend 
■imply  on  the  presence  in  it  of  the  liquid  matters  drunk 
during  the  attack.  The  specific  gravity  of  the  rice-water 
stools  is,  as  has  been  said,  slightly  higher  (1,006  to  1,013). 
Tlie  reaction  of  both  is  neutral  or  alkaline.  Amongst  the 
solid  constituents,  the  inorganic  exceed  the  organic,  chloride 
of  Bodiam  being  greatly  in  excels  of  other  iuorgauio  bodies, 

*  Buhtu*  *  Die  kmnkc  DnnuKltleimhitut  in  der  Cholera,*  1838,  p,  92. 
f  M.  BnibcrgBf.  *  Viroli.  A..'  xxxvtii.  p.  396. 

{  C.  Schmidt, 'Charaktcrifftik  (1.  «{>iUcui<  Cholera  gc(;enuber  reiwaniltcn 
TranMuJatiuiiMuututLlUni/  1850  ;  Biubflfger,  loc  cit. 
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vrhWe  oaly  zmnitual  quantities  of  potash  salts  and  pboephates 
are  prescDt.  Of  organic  subt^tanceS;,  urea  or  ammonium  carbo- 
nate, and  aWufnen  can  be  detected,  t)ie  latter,  it  is  true,  in 
8ucb  minute  quantities  that  on  leHting  the  vomit  by  boiling 
and  by  sulphuric  acid. scarcely  more  than  an  opalescent  cloudi- 
ness is  produced;  in  the  dejections  the  same  treatment  causes 
the  separstion  of  a  few  delicate  flukes.  But  perhaps  the 
tnost  interesting  substance  coutsiued  in  the  cliDlera-dejections 
is  the  ifugar'jorming  Jfnnent  found  in  them  by  Ktihne  ;♦ 
"while  he  was  unable  to  detect  any  other  digestive  ferment, 
he  never  failed  in  converting  starch  into  sugar  by  m^ana  of 
the  rice-water  stools. 

And  now,  could  a  fluid  having  this  constitution  be  poured 
out  directly  from  the  blood-vessels  of  the  intestinal  mucous 
membrane  into  the  cavity  of  the  intestine?  is  it  possible, 
in  other  words,  that  it  is  a  true  transudation  deaplte  its 
poverty  in  albumen,  the  complete  absence  of  red  blood-cor- 
puHclas,  and  the  presence  of  a  ferment  7  It  appears  to  me 
that  whoever  maintains  this,  whoever  takes  his  stand  on  the 
assertion  that  in  cholera  suoh  a  transudation  could  by  any 
possibility  be  derived  from  the  vessels  of  an  intestinal  mncoua 
membrane,  which  is  neither  mechanicnlly  congested  nor  in* 
ilamed,  but  anatomically  unaltered^  should  at  least  go  further 
and  devise  ad  hoc  a  mode  of  transudation  differing  from  all 
known  modes.  On  the  other  Eide  of  the  question,  the  agree- 
ment between  the  rice-water  dejections,  the  succus  entarioua, 
and  the  fluid  obtained  iu  Morean's  experiment,  to  which 
Eiihnef  first  directed  attention,  is  quite  a^toniuhiug.  For 
those  very  properties  which  would  be  so  stninge  in  a  transu- 
datioti  from  the  blood,  impresa  on  the  ohulera-Huid  the  stamp 
of  a  digestive  seerelum,  in  gpccw  of  tho  inif^siinal  juice^  to 
which  both  as  regardii  chemical  compuuitiou  and  murphotic 
elements-^the  oft-meutioued  flakes  of  roucus^t  exhibits 
the  most  pronounced  likeness.      But  if  the  liqc   '  -d  out 

daring  the  attack   into    the   intestine  is  a  sfi  "f   the 

glands  of  the  intestinal  mucous  membrane,  the  rosy  injection 

•  Leiibe. '  B«itriK^'  ^-  P-  n. 

\  Kuhno.  ID  A  lecture  delivcrw!  b«fora  tho  *  BorL  luad.  GovmIUoIi.'  oq 
MMvti  4th,  1868,  which,  qnfortunattflj,  bsfl  oot  \fVk  pubUiJMd  iu  fulL 
'Iterl.  klia.  Wochotuiclir  ,'  1868,  p.  170. 
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of  this  membrane  is  explained  in  the  most  plausible  way ;  it 
18  simply  the  expression  of  the  activo  congestiou  which  accom- 
panies energetic  secretion  by  a  gland. 

From  the  standpoint  tboa  arrived  at^  the  process  of  cholera 
may  bo  interpreted  by  supposing  that  first,  under  the  influence 
of  the  virus,  which  has  probably  entered  the  intestine  from 
withont,  there  takes  placej  either  with  or  without  antecedent 

arrh(£a,  an  ej-traordinaHiy  prof  use  90creiion  ftirtn  the  yUtrids 
}f  the  small  intestine.  The  resulting  rapid  overfilling  of  the 
gut  with  fluid  determines  vomiting  and  f^rittaltic  intestinal 
vwvtmicnts.  In  consequence  of  the  vomiting,  the  contents 
of  the  stomach  are  evacuated,  aud  afterwards  the  intestinal 
juice  which  has  overflowed  into  the  stomach,  probably  owing 
to  its  great  bulk.  By  the  peristaltic  movements,  the  content 
of  the  large  and  small  intestines,  and  subsequently  the  rioe«^ 
water,  are  expelled.  Both  last  as  long  as  fluid  continnes  to 
be  secreted  by  the  glands  and  the  irritability  and  functional 
eapaoity  of  the  mascles  in  question  are  maintained.  In 
favorable  oases,  it  is  probably  always  the  cessation  of  the 
excessive  gland-secrotion  that  puts  a  stop  to  the  dejections ; 
ixk  unfavorable  ones,  either  the  vomiting  aud  diarrhcea  per* 
ftiat  till  death,  or  the  oxhaustion  of  the  vomiting  centre  pre- 
cedes the  paralysis  of  the  peristaltic  movements  of  the  iutes-  ' 
tine.  At  any  rate,  the  relaxed  condition,  amounting  in  some 
cases  to  paralysis,  in  which  in  many  instances  the  small  intes- 
tine is  found  post  mortem  does  not  allow  of  our  concluding 
that  the  secretion  of  the  rice-water  was  purely  "  paralytic," 
more  especially  as  the  comparatively  frequent  occurrence  in 
cholera  of  post-mortem  invaginations  of  the  gut  affords  telling 
evidence  of  the  persistence  even  after  death  of  energetic 
peristaltic  movements.  As  the  result  of  this  enormous  hyper- 
secretion, the  blood  becomes  inspissated  and  the  entire  series 
of  symptoms  characteristic  of  cholera  is  brought  about — the 
Email  thread-like  pulse,  the  icy  skin,  the  anuria  and  asphyxia, 
the  sinking  of  the  eyes ;  but  the  explanation  of  these  de- 
iaiU  may  safely  be  left  to  special  pathology,  in  so  far  as  they 
are  not  spoken  of  in  other  sections  of  this  work.  We  may 
rost  satisfied  with  the  conclusion  already  arrived  at;  for  if 
the  view  of  the  choleraic  process  jnst  expounded  be  correct, 
ic  will  be  evident  to  you  that  a  hyperseci^tion  of  inlestinal 
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juice  is  much  more  important^  and  attended  by  severer  con* 
sequences  to  the  orgauiam  than  even  the  complete  eessatiou 
of  the  secretion.  It  is,  however,  a  no  less  noteworthy  fact, 
aa  bearing  ou  the  physiulogy  of  the  circulation,  that  nut  only 
are  abnormally  profuse  looses  of  lymph  or  transudation  cap- 
able of  essentially  altering  the  composition  of  the  blood  in  a 
ehort  space  of  time,  but  similar  losses  of  glandular  secretion 
can  produce  equally  rapidly  the  same  effect. 


But  supposing  all  thedigeatire  juices  to  be  {>oured  out  into 
the  intestine,  and  to  be  normal  in  quantity  and  constitution, 
this  would  be  nothing  more  than  an  indispensable  preliminary 
to  intestinal  digestion.  For  digestion  actually  to  take  place, 
it  la  nocesbary,  just  as  in  the  atomach,  that  the  chymo  should 
be  intimately  mixed  with  th<i  diijestive  juices,  and  thus  ren- 
dered accessible  to  their  chemical  actions.  The  agency  by 
which  this  object  is  effected  la  well  known  to  you ;  it  is  the 
peristaltic  movements  of  the  intestines.  By  these  movements 
the  food  pulp  is  repeatedly  mixed  with  the  bile,  the  pan- 
creatic juice,  and  the  succus  entericus  ;  they  also  supply  the 
force  which  ultimately  brings  about  the  emulsification  of  the 
fat  by  the  bile  and  the  pancreatic  juice.  Thi»,  however,  is  nut 
the  whole  extent  of  their  action.  The  peristaltic  movements 
at  the  same  time  propel  the  chyme  in  the  direction  o!  the 
anus  by  a  regular  succession  of  contractions  of  the  circuhir 
and  longitudinal  muscular  coats.  During  itd  onward  journey 
the  chyme  comes  into  contact  with  all  the  absorbents,  one 
aft^r  another,  of  the  small  intestine  ;  1. 1\  it  passes  over  the 
Burfaces  of  the  villi,  and  wliaiever  matters  are  capable  of 
absorption  are  in  great  part  there  absorbed.  In  ibis  again 
the  oonM*actions  of  the  intestinal  musculature  are  of  consider- 
able impurtiiuce,  as  aiding  at  least  in  absorptiuu  by  produc- 
ing a  pobitive  pressure  in  the  intestinal  caual.  Thus  there 
L       '      ''>   takes  place  a  seporation  of  t  ■  l-lo  of 

u  ;i  and  absorption  from  the  iudi^  .  r,  the 

former  being  carried  into  the  juices  of  the  body  and  the  latter 
into  the  large  intestine  and  thi*uce  int<     *  *      ' 

way  the  small  intestii»e  by  ridding  its- 

vides  space  for  a  fresh  sopply  of  food.     In  a  normal  cunditiou, 
digestion  in  the  stuoU  iute^tiuo  is  completed  on  the  avorage 
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in  from  two  and  a  half  to  three  hours,  and  consequently  occu- 
pies a  period  which,  on  the  one  hand,  is  long  enough  to  permit 
the  action  of  the  digestive  juices  on  the  chyme  as  well  as  its 
gradnal  absorption,  and  which,  on  the  other,  allows  the  small 
intei^tiue  to  be  emptied  suificiently  soon.  On  the  passage  of 
the  masses  into  the  large  intestine  digestion  proper,  it  is 
well  known,  is  practically  complete ;  what  still  takes  place 
is  mainly  the  absorption  of  any  soluble  salts,  sugar,  and  pep- 
tones that  ma}'  hitherto  have  escaped,  and  the  gradual  con- 
ceutmtiou  of  the  chyme  which  has  now  become  fasces.  For 
this  no  vigorous  peristaltic  movements  are  required,  and  so 
it  hafipens  that  the  shorter  tract  presented  by  the  large  in- 
testine is  travelled  through  in  a  much  longer  period  than 
was  the  smalt  intestine  :  defaecation  takes  place  in  healthy 
individuals  usually  only  once  or  at  most  twice  in  twenty-four 
hours. 

As  regards  the  conditions  on  which  the  peristAltic  move- 
ments of  the  intoHlioe  depend,  our  knowledge,  unfortunately, 
is  still  palpably  defective.*  True,  it  may  be  looked  upon  as 
certain  that  these  movements  are  usually  initiated  in  a  re- 
flex manuer,  the  stimulation  of  the  sensory  nerves  of  the  in- 
testinal mucous  membrane  by  contact  with  the  food  being 
transmitted  to  the  motor  nerves  of  the  intestinal  musculature. 
'Hirre  is  good  reason  for  supposing  that  the  centre  effecting 
the  transmission  is  situated  in  the  wall  of  the  gut  itself,  very 
probably  in  the  Meissner-Auerbach  ganglia-plexus.  The  se- 
quence is  Ubuully  such  that  stimulation  of  the  nerves  of  a 
definite  portion  of  mucous  membrane  is  answered  directly  by 
muscular  coDti*action  of  the  same  region  ;  still  it  is  a  general 
characteristic  of  smooth  muscle  that  the  contmtMions  extend 
wave-like  to  the  neighbouring  zones,  so  that  a  peristaltic 
contraction  originating  anywhere  is  propagated  to  a  great 
dist^ince.  Further,  it  must  be  specially  noted  that  any  part 
of  the  gnstro-intebtinal  canal,  jf  strongly  irritated^  may  be 
the  fttariing-point  of  an  exteusive^or  even  general,  peristaltio 

*  Cf.  &roon(^  never  rewarcltea  on  the  intestinal  innvements :  0.  Nasae, 
'B«itrag6i  z,  Physiol,  d.  Diiniibowogun(j[iMi,*  1866;  S.  Alayer,  in  H^nnonn's 
•  lUndb.,'  V,  2.  |».  447  ;  S.  Mnyer  u.  Btwch, '  Pflug.  A./  ii,  p.  391,  '  Wien. 
akikd,  Sitzunpibericht,*  M»tb.  imturw.  Kl.»  2,  AbthL  Ixii.  Dccb.,  1870; 
V.  Br»»iu.Uoackgee«t,  *  Pflug.  A./  ri,  p.  266,  viii,  p,  163. 
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contractiou.  The  ordinary  waves  in  the  small  intestine  do 
not,  it  is  true,  usaalty  pass  beyond  the  ileo-ceocft]  valve.* 
Several  nerves  pass  to  the  intestine,  however,  and  amongst 
them  a  few  motor  ones,  yet  despite  the  careful  and  minute 
investigations  which  have  aimed  at  discovering  the  intlueuoe 
of  the  nerves  on  the  peri&tultic  luuvemeuts,  it  has  not  yet 
been  possible  to  introdaoe  law  and  order  into  this  domain, 
ore  especially  we  have  failed  to  discover  constancy  as  regards 
citor  and  inhibitory  effects,  Nor  is  our  knowledge  of  the 
influence  of  the  circulation  on  peristaltic  action  more  com- 
plete. That  the  movements  of  the  intestine  reaot  to  changes 
in  the  bloud-stream  as  welt  as  to  alterations  of  the  gaseous 
contents  of  the  blood  is  beyond  dispute,!  and  the  reaction 
will  bo  more  certain  the  more  rapidly  the  changes  take  place ; 
yet  on  this  point  too  the  different  obsen'ations  have  been  here- 
tofore inconstant.  But  if  physiology  is  not  yet  in  a  position 
to  analyse  the  influences,  very  numerous  as  they  no  doubt  are, 
to  whose  co-operatic»n  we  must  ascribe  the  fact  that  the  peris- 
taltic movemeutH  of  the  small  intestine  arc  so  energetic  whilo 
those  of  the  large  are  so  sluggish,  you  certainly  cannot  be 
surprised  that  we  pathologists  are  unable  to  explain  so  many 
deviations  from  the  normal  course  of  the  movements  of  the 
intestine.  We  do  not  know  the  nervous  paths  which  in 
many  individuals  are  subservient  in  caasiug  an  immediate 
energetic  peristaltic  action  after  certain  emotional  BtateB,  e,^;. 
fright  or  anxiety,  or  where  the  trausmisstun  uccurs  when  the 
same  effect  is  directly  produced  by  a  sudden  chilling  or  wet- 
ting of  the  skin.  By  what  cunneetiou  of  eveuts,  putnd  ♦*«- 
ioxwnlum,  i,e,  the  intreKjuctiou  of  a  putrid  fluid  into  the  cir- 
culntion,  is  a  violent  exciter  of  periutaltic  movements  (vol.  ii« 
p.  5S2)  is  at  present  qnil^  uukuowu,  aud  we  are  just  as  little 
able  to  give  a  proper  account  of  the  very  varying  behaviour 
of  the  intestinal  movementa  in  iion-43ompeusated  cardiM  1«- 
sions  and  in  other  diseases  accompanied  by  mechanical  hyper- 
B>miaof  the  portal  system.  Wo  are,  however,  acquaintiMj  with 
a  namber  of  pathological  factors  which  are  capable  of  very 
oonsiderably  if'"  l^  the  energy  oF  the  p'^        '  rrao- 

tionv   iu  oue  "  1   or  the  other,  and  Li:  oox 

•  OL  O.  van  Dnkel,  *  P6tlfp.  A/  iv.  p.  33. 

t  CI  aslvioU.  *  A.  £.  Phynol^'  1880.  Sappl,  pw95. 
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eideration  will  all  the  roore  repay  ua,  as  they  are  some  of  the 
most  common  and  frequent  distarbaaces  to  which  these  con* 
tractions  are  liable. 

If  the  regular  peristaltic  movements  are  the  result  of  the 
fttimnlation  of  the  nervea  of  the  muooua  membrane  by  con- 
tact with  the  normal  chyme,  it  is  obvious  that  an  au<jmenta' 
iion  of  these  moveiAtnta  must  set  in,  either  xohen  th«  contents 
cf  the  gut  possess  abiiomially  ^tromj  stimuUiting  proparliesj  or 
the  sensory  nerves  of  the  intestine  are  abiutrmally  excitable. 
Amongst  the  anueually  strong  stimuli,  very  different  agents 
are  included.  Thus  a  temperature  of  the  ingesta  differing 
considerably  from  that  of  the  body  appears  to  suffice  ;  at  any 
rate  a  odd  enema  acts  more  rapidly  than  a  warm  one,  and 
in  many  individuals,  as  is  well  known,  a  glass  of  cold  water 
iakou  flirting  in  the  morning  is  cuuiigh  to  excite,  from  the 
ttomach,  energetic  peristaltic  action.  Then  tlie  volume  of 
the  ingesta  also  plays  a  part,  if  for  no  other  reason,  because 
a  larger  number  of  nerve-terminntions  are  touched  at  the 
same  time  :  the  large  intestine  therefore  reacts  much  more 
energetically  to  a  bulky  clyster,  and  if  a  very  great  abund- 
anoe  of  fluid  is  at  once  poured  outj  as  in  cholsra,  into  the 
bowel,  the  result  is  an  immediate  occurrence  of  most  ener- 
getic peristaltic  movements.  But  the  chief  importance  in 
these  respects  attaches  to  the  chemical  properties  of  the  in- 
gesta. Even  among  oar  ordinary  foods  are  some  which  have 
bad  for  ages  the  repute  of  acting  as  aperients,  snch  as  fmit,  for 
example  :  and  I  already  mentioued  (vol.  iii  p.  904)  that  the 
bile  is  a  decided  stimnlant  of  the  peristaltic  movements.  This 
is  true  in  a  much  higher  degree  of  purgatives.  For  though 
namerous  and  varied  effects  have  been  attributed  to  purga- 
tivea  in  former  and  more  modern  times,  none  of  these  have 
stood  the  test  of  more  accurate — especially  experimental — 
examination,  except  their  capacity  to  excite  energetic  peri* 
alaUic  movemente.  After  Thiry*  had  demonstrated  on  his 
fistula  that  neither  laxatives  and  drastics,  snch  as  croton  oil 
snd  senna,  nor  the  neutral  salts  give  rise  even  to  the  slight- 
est discharge  of  fluid  from  the  mncous  membrane,  Radzie- 
jowskit  afforded,   in  an  excellent  research,  the  final   proofs 

*  Thiiyi  *  Wieu.  ftkMl«ui.  i?ittun^fll>«r/  Math,  naturw.  Kl.>  Feb.  25,  1864. 
t  BadnicjewBki,  '  A.  f.  Anat.  a.  Phyiiol./  1870,  p.  37. 
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that  all  our  purgatives,  however  difFereut  in  nature,  agreo  in 
that  they  vigorously  stimulate  the  movements  of  the  intestiiip, 
aud  that  the  varying  int<>Dsity  of  their  action  depends  solely 
on  the  amount  of  this  stimulation.  At  moat  for  the  neutral 
salts  it  may  be  admitted  as  possible,  not  that  they  attracft 
fluid  from  the  blood-vesaels,  but  that  owiug  to  tboir  high, 
osmotic  equivalent  tbey  retain  water  io  the  intestine  ;♦  but 
for  these  salts  too  it  was  shown  by  Radziejewski  that  tbey 
certainly  augment  the  peristaltic  movements.  Ordinarily— i 
more  particularly  when  milder  laxatives  are  employed — stimu- 
lation of  the  peristaltic  movements  occurs  only  on  contact 
witb  the  iutestinal  mucous  membrane  itself.  But  the  most 
energetic  purgatives,  the  so-called  drastics,  most  certainly 
act  from  the  stomach,  and  it  bas  long  been  known  that  laxa« 
tivea  when  injected  into  the  rnscular  systora  very  certainly 
and  promptly  display  their  activity.  From  a  pathological 
point  of  view,  much  greater  importance  attaches  to  the  ang- 
mentation  of  the  peristaltic  movements  which  attends  the  acci- 
dental presence  of  subatanres  of  the  most  different  kinds  in 
the  digestive  canal.  I  have  in  mind  not  merely  direct 
poinontt,  but,  still  more,  tainted  food  ;  besides  these,  substances 
may  be  produced  in  consequence  of  decompositions  taking 
place  in  the  digestive  canal  itself,  which  violently  excite  the' 
movements  of  the  intestine.  For  example,  aft^er  eating  an 
abundance  of  sugar  quantities  of  lactic  acid  may  form  in  the 
intestine,  or  urea,  excreted  into  it,  may  be  there  converted 
into  ammonium  carbonate.  Here  too  belong  infrctive  agents. 
For,  though  a  great  part  of  the  diarrhoeas  prevailing  at< 
certain  seasons,  and  especially  the  almost  epidemic  variety^ 
occurring  in  midsummer,  must  be  attributed  to  tainted  food, 
and  in  chiltlren  especinlly  to  milk,  it  seems  X-o  me  no  lest; 
certaiu  that  diarrhceas  occur,  aud  by  no  means  rarely,  which 
are  exquisitely  infective  in  character.  This  is  in  fact  suffi- 
ciently proved  by  the  fact  that,  in  typhoid  and  in  epidemi< 
dysentery,  diarrhrea  sots  in  before  acttial  ulcemtion  takct' 
place.  I  may,  moreover,  remind  you  of  the  diarrhceaa  which 
Bu  often  prnoode  the   actual    attack   of  choleni,  and   whi 


dnriQg 


an 


opi 


dt-mie,  affect  such    numbers  of 


•  Aubort,  *  Z«itKhr.  L  nt  M«d./  N.  F.  ii.  p^  2i^ 
pkyn^ol.  Heilkd./  xii,  p.  917,  xiii,  p.  93. 


rsons 
iSuohbeim. 


who 
A.  L 


ENTERITTS 


pflcape  tho  cholora  itself.  Whofcher  we  Lavo  hero  Himply  to 
deal  with  a  quantitatively  slighter  degree  of  the  samo  infec- 
tion, or  with  an  iafection  by  a  speciul  virus,  which  had  been 
communicated  at  the  same  time  with  the  cholera  is  imma- 
terial to  the  qnostion  at  issue,  nor  does  it  matter,  so  far  as  the 
infective  character  of  these  diarrhnsas  is  concerned,  whether 
the  vinis  excites  the  peristaltic  movements  from  the  lumen 
of  the  intestine  or  from  the  blood.  Finally,  it  may  bo  well 
to  mention  that  larger,  very  palpable  parasites,  such  as  in- 
testinal trichinre,  round-  and  tape-worms,  are  capable  of 
more  or  less  vigorously  exciting  peristaltic  movements,  pro- 
bably purely  by  their  mechanical  action. 

In  the  second  place,  we  stated,  that  without  the  co-operation 
of  unusual  stimuli,  peristaltic  movements  will  be  abnormally  | 
vigorous,  when  the  seitsnnj  nerves  of  the  viucoua  mevihrntie  are   ] 
ahjufrifuilly  irritahle.      This  is  necessarily  tho  case  in  every    \ 
marked  euieritU ;   fof  the  nerves  are  hero  continuously  ex- 
posed to  the  pressure  caused  by  the  overloaded  blood- vesaela 
and    by  the   increased    and   filtered   transudation;  they  are 
therefore  placed  in  conditions  which  of  themselves  suffice  to 
itiitiate  evacuations,  and  which  nt  any  rate  have  the  tendency    ^ 
to  cause  ordinary  stimuli  to  be  responded  to  by  very  intensi-    ( 
fied  peristaltic  movements.      Since  this  applies  to  every  form 
of  enteritis,  the  acute  as  well  as  the  chronic,  the  catarrhal 
as  well  as  the  diphtheritic,  abnormal  irritability  of  the  ner^'ca   i 
takes  a  very  important  place  amongst  the  pathological  causes    I 
of  increased  peristaltic  movements.     Still  I  desire  here  to 
state  that  enteritis,  especially   catarrhal   enteritis,  is  not  so 
frequent  as  vulgar  opinion  would  lead  one  to  suppose.      By 
the  laity  and  also  by  many  physicians,  every  diarrhoea  which 
IB  not  the  result  of  a  purgative  or  the  like,  is  regarded  as 
fiymptomatic  of  intestinal  cataiTh,  and  enteritis  catarrhalis 
is  consequently  stamped  as  one  of  the  commonest  diseases. 
But  while  I  am  not  at  all  disposed  to  deny  the  existence  of 
a  true  catarrhal  inflammation  of  the  gut,  accompanied  by  a 
macona  or  muco-pnrnlent  exadation,  I  cannot  admit  that,  in 
children  who  perish  with  vomiting  and  diarrhcea,  the  intestine 
ia  always  found   in  &  state  of  true  inilammatiou.      F^or  the 
infective  diarrhoeas  more  especially,  there  is  the  strongest  in* 
clinatioD  to  seek  an  anatomical  basis  in  an  infective  enteritis. 
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Yet  the  case  is  analogous  io  that  of  the  purgatiros.  Many 
parj^tives,  €,g.  croton  oil  and  coloc^'nth,  may,  in  lar^ 
doBes,  produce  an  intense,  even  a  hsemorrhagic  diphihoritjo 
enteritis,  with  stormy  peristaltic  niovemeuts ;  but  who  would 
therefore  suppose  that  the  purgative  action  of  the  laxativea 
depended  only  on  an  intestiual  catarrh  set  up  by  them  f 
lliere  does  occur  beyond  doubt  an  infective  enterilia,  the 
striking  symptom  of  which  is  diarrhoea ;  but  only  in  a  decided 
minority  of  infective  diarrhcoasis  the  intoatine  positively  in- 
damed.  Even  the  statement  so  frequently  found  in  the  text* 
books  that  the  mucous  membrane  of  the  iutesline  in  typhoid 
is  catarrhiilly  inflamed  between  the  ulcors  rests,  according  to 
my  experience,  on  no  better  grounds  than  in  the  case  of  many 
other  intestinal  ulcerative  processes.  To  explain  the  increased 
peristaltic  nction — and  it  was  for  this  object  chiefly  that  the 
hypothesis  was  adopted — the  assumption  is  quite  unnecessnry ; 
for  the  presence  of  the  ulcers  is  sufficient  explanation.  How- 
ever a  loss  of  Bubstauoe  is  produced  in  the  intestine,  nerves 
will  always  be  deprived  of  their  protective  coverings  and  so 
directly  exposed  to  pressure  by  other  bodies,  and  no  one  can 
be  surprised  that,  under  these  oircumstauces,  contact  even 
with  the  ordinsry  contents  of  the  intestine  and  the  normi 
digestive  juices  should  suffice  to  set  op  more  vigorous  inov»*' 
ments  of  the  gut.  And  this  effect  will  the  more  certainly 
follow,  tl^o  more  numerous  the  ulcers  and  the  more  widely 
they  are  distributed  throughout  all  portions  of  the  intestine  jc" 
and  the  effect  will  also  he  influenced  by  the  recent  and  more 

ute  origin  of  the  ulceration,  when  the  ends  of  the  nerveflj 
>nd  perhaps  the  muscles  also,  are  still  easily  excitable.     Whei 
these  conditions  are  partly  or  altogether  abfteut^  as  #.  g,  in 

ronio  ulcerations   of   moderate   dimensions   which  oocapyj 

lely  the  small  intestine^  it  may  eaailj  happen,  deepite  ihi 
presence  of  the  nlcers,  that  the  evacuations  will  not  be  essen- 
tially different  from  the  normal,  in  number  and  oharacter*^ 

80  soon  aa  the  movements  of  the  intestine  have  beeoi 
abnormally  vigorous  as  the  result  of  any  one  of  tlicse  vei 
diffcT  '         r  "  ,\v8  what  is  kuowii  :  n^,  U 

ntgs  "J  I.      We  HptMik  of  ji,  aa  y< 

know,  when  instead  of  the  asaal  cousistent  ffl3cee>  a  mat<»nal 
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Abounding  in  wator,  and  therefore  more  or  less  liquid,  19 
evacuated.  Such  a  richness  in  water  can  evidently  only  be 
produced,  when  either  more  water  than  usual  reaches  the 
intestine  or  less  than  usual  is  absiorbed  from  it.  A  moment's 
reflection,  however,  at  once  shows  that  one  of  these  two  possi- 
bilities may  be  excluded  ;  for  the  quantity  of  liquids  iutro^ 
duced  daily  into  the  digestive  canal  of  a  healthy  person,  may 
vary  extremely  and  yet  the  fseces  remain  solid  ;  while  the 
fact  that  immoderate  water-drinking,  though  causing  a  great 
increase  of  the  urinary  secretion,  does  not  give  rise  to  diar- 
rhoea ia  of  itself  proof  saffioient  that  a  mere  increase  of  the 
supply  to  the  intestine  never  renders  the  feoces  watery,  pro* 
vided  ahaorptioii  from  the  inte9t\ns  goen  on  undisturbed.  This 
is  the  crucial  point :  the  necessary  fluid  is  more  than  ade- 
quately Booured,  even  with  the  driest,  food,  by  the  digestive 
juices  poured  out  into  the  intestine  ;  hence  the  motions  muat 
become  liquid  bo  soon  as  the  absorption  of  water  from  the 
intestine  is  prevented  or  diminished.  Among  the  causes 
of  diminished  absorption  of  water,  I  have  already  alluded  to 
the  possibility  that  the  neutral  salts  retain  water  in  the  intes- 
tine. As  to  actual  pathological  alterations  of  the  intestinal 
mucouB  membrane,  the  question  obviously  suggests  itself, 
whether  processes  accompanied  by  a  loss  of  epithelium  inter- 
fere with  water-absorption.  This,  however,  is  a  point  which 
can  scarcely  be  decided,  inasmuch  as  such  processes  are 
always  complicated  by  inflammatory  and  ulcerative  changes, 
whioh  have  just  boon  stated  considerably  to  aagment  the 
perivvtaltic  movements.  For  the  same  reason,  the  significance 
of  inflammatory  disturbance  of  the  circulation  for  the  absorp- 
tion of  water  cannot  be  accurately  determined.  On  the 
ither  handj  it  may  be  regarded  as  highly  probable  that  the 
mechanical  hyp€r€^na«,so  frequently  occurriug  here, are, os|)e- 
cially  when  more  pronounced,  prejudicial  to  the  absorption 
of  water ;  and  the  latter  ia  certainly  interfered  with  by  amy-  ^ 
Ittiii  degeneration  of  the  blood^vesteln  of  the  intestinal  maouus 
membrane,moreparticularlyof  them//i.  ThiSyUt  lea8t,nppears 
to  me  to  be  the  most  plausible  explanation  of  the  frequent 
and  long-continued  diarrhoeas  which  form  so  constant  a  sym- 
ptom of  amyloid  disease  of  the  intestines^  even  when,  on  the 
one  hand,  the  disease  ia  limited  to  the  veaselis  of  the  mncous 
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tnembrane,  and,  on  the  other,  there  is  an  absence  of  other 
changes,  snch  as  inflammation  and  ulceration.  Since,  how- 
ever, the  absorption  of  water  ueeds  a  certain  time  for  ita 
completion  whether  the  mncons  membrane  be  diseased  in  any 
way  or  completely  intact,  watery  motions  will  with  the  fs^reat- 
est  certainty  be  produced  by  any  factor  tehirk  consider ahltf 
reducet  the  period  during  which  the  contfmU  of  the  inleMtie 
remain  in  contact  loith  the  ahaorbcntH.  Hence  by  far  the 
mo>it  froqueut  cause  of  diarrhoea  is  abiiorvxally  \nten*ified 
peristaltic  action. 

Consider,  further,  that  the  chyme  leaves  the  small  inteatioe 
as  a  more  or  less  liquid  pulp^  having  mostly  an  alkaline  re- 
action, and  a  bright  yellow  to  green  colour  according  to  the 
amount  of  bile  present  in  it ;  and  that  only  in  the  large  intes- 
tine is  it  gradually  transformed  by  loss  of  its  liquid  portions 
into  formed  fasces  ;  and  it  follows  that  the  decisive  element 
in  diarrhoea  is  the  increase  of  the  peristaltic  fnovBtne^its,  Unless 
the  colon  at  the  same  time  participates,  the  most  active 
movements  of  the  small  intestine  can  scarcely  render  the 
motions  watery,  while  this  result  may  even  bo  brought  about 
by  the  inteneification  of  the  peristaltic  action  of  the  large 
intestine  alone.  Still  it  is  by  no  mt^ans  immaterial,  especially 
as  regards  their  composition,  whether  the  evsooations  in 
diarrhcea  depend  solely  on  increased  action  of  the  colon,  or 
on  the  increase  of  the  peristaltic  movements  of  the  small 
intestine  as  well.  When  the  latter  is  the  case,  the  motions 
will  come  to  resemble  the  contenta  of  the  upper  part  of  th^ 
small  intestine.  Normal  human  faecGS*  contain  minute  quan* 
tities  of  digestible,  but  undigested  substances,  such  as  isolated 
muscles-Hbres,  fat-cells  and  droplets,  granules  of  starch  ;  but 
the  great  bulk  is  composed  of  the  iodigestiblo  constituenta 
of  the  food,  cellulose,  elastic  tissue,  homy  material,  Ac. 
There  are  present,  further,  the  products  of  the  decomposition 
of  bile  and  cholesterin,  lime*  and  magnesia-soaps^  some  rather 
insoluble  salts  ;  then,  volatile  matters — acetic,  butyric,  and 
isobutyric  acids ;  aromatic  substances — indol,   phenol,  and 

*  V«ry   Mcunkt«   lunrpliolof^c*!   •XAtninationa  of  Ui»   fscM   in   Tarioiu 
phytinlo^icftl  knd  \>    '  1  coorlitioHH   hflve  rouotly  bofto  uadvriMktn 
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akatol,  a  body  first  isolated  by  Brfeger.*  The  watery  con- 
tents vary  greatly  with  the  time  passed  in  the  sigmoid  flex- 
ure and  rcctutD,  bat  average  75  per  cent. ;  yet  ffeces  derived 
frotn  ft  purely  HeRh  diet,  and  especially  the  hard  bone-fneces 
of  dogs,  may  contain  almost  50  per  cent,  of  solid  constitueDts. 
No  underoraposed  bile-pigment,  glyco-and  tanro-cholic  acids, 
or  unaltered  digestive  ferments  are  present  in  normal  faeces, 
nor  are  peptone  and  dissolved  albomen,  sngar  and  easily 
solnble  salts  uBually  found  thei*eiu  ;  at  most,  when  there  is  an 
unnsnally  ahundmit  supply  of  these  substances,  very  incon- 
siderable quantities  of  them  may  pass  into  the  faeces.  Alt 
of  them  may  be  present  in  diarrhcBa  even  when  this  depends 
solely  on  increased  peristaltic  action.  For,  in  a  normal  con- 
dition, the  absorption  of  these  readily  soluble  matters  con- 
tinues  in  the  colon,  and  it  is  here  that  the  decomposition  of 
the  biliary  constitnerita  is  completed.  In  the  commencement 
of  the  large  intestine  it  is  usaally  easy  to  detect  the  presence 
of  undecoiDposed  bile,  of  various  intestinal  ferments,  of  Icucin, 
alkaline  chloridoB,  peptone  and  sugar.  But  the  diHrrhoeic 
stools  are  much  richer  in  these  substances,  even  when  the 
peristaltic  movements  of  the  small  intestine  are  abnormally 
iocreaaod.  Accordingly,  there  is  no  actual,  sharp  chemical 
distinction  between  the  diarrhoeas  of  the  large  and  small 
intestine ;  we  have  to  deal  rather  with  quantitative  differ- 
ences. This  is  likewise  true  of  the  watery  contents,  which 
in  the  dog  were  observed  by  Kadziejewski  to  amount  to 
more  than  90  per  cent,  after  the  administration  of  castor 
oil,  senna,  or  Epsom  salts,  and  which  in  man  were  determined 
by  C.  Schmidtt  to  be  97  per  cent,  after  a  dose  of  senna. 
In  proportion  to  the  augmentation  of  the  peristaltic  move- 
meuts  will  be  the  quantity  of  unaltered  digestive  juices,  and 
— if  the  digestive  canal  be  full — of  food-stuffs  evacuated  per 
anum ;  while  if  the  stomach  should  share  in  this  augmenta- 
tion, many  of  the  ingcsta  may  very  rapidly  make  their  appear- 
ance, almost  unaltered,  in  the  motion.  It  need  hardly  be 
mentioned  expressly  that  blood  and  pus  may  also  be  evacuated 

*  Brttgcr,  *  B«r.  d.  doatacli.  cbetn.  Gea.,*  1887.  May  38;  *  Journ.  f.  prakt, 
CiMDiiir/  N.  K.,  xvii.  p.  124. 
f  "    "  ■  '"  >iiikt*rinlik  d.  epidem.  Cholera  gegvnuber  verwandten 
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in  alcerationj  or  in  diphtheritic  and  hsemorrhagic  inflainina- 
tionfi  of  the  intestine ;  and  that  in  chronic  catarrh*  large 
quautitiosof  mucus  with  flakes  containing  mucous  uorpUHcloa 
will  be  voided.  I  have  already  stated  that  the  abundance 
of  albumen  coagulable  by  hent  in  dysenteric  stools  is  duo  to 
their  ooutaioing  a  quanlity  of  inflammatory  transudation 
derived  from  the  vessels.  It  is  obvious  that  the  excrement 
in  diarrhosa  will  always  abound  in  different  bacteria,  for  the 
development  of  which  a  very  favorable  medium  is  presented 
by  these^  usually  alkaline^  mixtures.  Often  enough,  too,  the 
we1i*known  crystals  of  ammoniaco*magnesian  phosphate  are 
therein  met  with. 

Now,  whatever  the  cause  of  the  diarrhcBa,  it  always  in- 
volves a  loits  to  the  organism.  In  so  far  as  the  mere  loss  of 
water  is  concerned,  this  is  of  no  importance  in  ordinary  forms 
of  diarrhoea,  provided  the  body  is  in  other  respects  healthy  ; 
in  some  affections,  indeed,  it  may  even  be  very  desirable,  e,  g» 
in  renal  disease,  where  it  rids  the  blood  of  superfluous  water, 
and  in  inflammatory  exudations  where  it  promotes  absorption 
by  artificially  condensing  the  blood.  In  the  majority  of 
diarrhooic  stools,  however,  not  only  is  there  a  loss  of  water, 
but  digestive  secretions  and  digestible  constituents  of  the 
food  are  evacuated — substances,  that  is,  of  much  higher  value 
to  the  organism,  which  normally  undergo  absorption  and  are 
conveyed  into  the  juices  of  the  body.  This  consideration 
supplies  a  ready  explauatioa  of  the  fact  that  long-continued 
diarrhosa,  far  from  being  an  inconsiderable  evil,  is  thoroughly 
calculated  to  very  considerably  reduce  the  body.  In  those 
cases  more  particularly  which  are  characterised  by  a  marked 
increase  of  the  peristaltic  movemeuts  of  the  small  intestinei 
intestinal  digestion  must  almost  completely  succumb. 

Wlien  speaking  of  an  augmentation  of  the  muscular  ood- 
tractions  of  the  intestine,  we  have  till  now  always  had  in 
mind,  even  when  not  expressly  stated,  those  of  a  peritttaltio 
chnraeter,  %.e.  which  consist  in  a  regular  alt^n  ries  of 

contractions  of  the  lougitudiual  and  circular  i:^.....  u..^r  coalA, 
of  Bttcb  a  kind  that,  in  each  portion  of  tho  intestine,  tha 
phaaes  of  shortening,  narrowing,  and  relaxation  are  initiated 

*  Detailed  information  on  tlie  conKtitutioa  of  the  tntm  in  iDtMtitL&l 
catarrh  U given  hj  Nuthnagcl,  'Zcibtchr.  t  ktin.  Mod..'  iv«  Hit.  l  ami  3. 
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each  hy  one  of  the  others.  In  a  normal  condition^  in  fact, 
this  is  the  only  kind  of  contraction  that  occurs,  and  artificial 
nervous  irritation  as  well  aa  diflturbancea  of  contraction,  if 
responded  to  at  all  by  the  intestine^  are  answered  by  peri* 
staltic  movements.  In  pathology,  however,  we  have  often 
an  opportunity  of  observing  another  form  of  intestinal  con- 
traction, which,  as  distingaiahed  from  the  peristaltic  form, 
may  best  be  termed  tonic.  In  these  oases  the  intestinal 
tube  is  persistently  narrow  and  firmly  contracted,  so  that 
the  latnen  is  almost  completely  obliterated  or  redaced  to  a 
niinimnm  ;  the  circumference  of  the  tube  is  then  considerably 
less  than  in  complete  inanition^  when  in  consequence  of  the 
elasticity  of  its  muscnlar  coat  it  appears  contracted  and 
narrow.  Such  markedly  spasmodic  contractions  may  perhaps 
Bppear  temporarily  in  a  circumscribed  portion  of  the  intes- 
tine ;  but  more  interest  and  importance  attaches,  at  any  rate, 
to  the  implication  of  all  the  loops,  at  least  of  the  small  intes- 
tine, a  condition  which  is  always  indicated  on  inspecting  the 
wall  of  the  abdomen,  by  a  very  characteristic  hoot-  or  trough' 
shaped  retrat'tum  of  the  anterior  ahdommal  wall.  This  state 
of  tonic  contraction  of  the  entire  intestinal  musculature  occurs, 
firstly,  in  the  earliest  stages  of  haailar  meningitu  as  well  as 
in  other  processes  in  which  pressure  is  exerted  on  the  pons 
and  medulla  oblongata ;  and  secondly,  it  is  a  constant  sym- 
ptom of  chronic  lead-poisoning,  in  gpecie  of  lead  coHe^  In 
the  cerebral  affections  just  mentioned  the  contraction  is  deter- 
mined moat  probably  by  the  stimulation  of  certain  motor 
nerves  passing  from  the  medulla  oblongata  to  the  intestine. 
In  lead-colic,  on  the  other  hand,  it  has  not  yet  been  estab- 
lished whether,  as  inferred  by  Harnack*  from  experiments 
On  animals,  the  intestinal  ganglia  are  directly  thrown  into 
ft  state  of  excitation  by  the  poison,  or  whether,  as  Riegelf 
attempts  to  show  is  probable,  a  vaso-motor  narrowing  of  the 
int«Btinal  arteries  is  followed  by  a  secondary  contraction  of 
the  rntestine.  The  action  of  such  tonic  contraction  may  be 
very  simply  defined ;  it  prevents  the  entrance  of  theingesta 
at  far  as  it  extends,  and  certainly  puts  a  stop  to  the  forward 

•  Hiirnack.  'A-  f.  cii^ritn.  I*Athol./  ix,  |h.  151, 

t    Ri«gfl»  '  U,  A.   f    ^I'T.     M.il  /   111,   (..    I  -!!    rneUlfMl    WkOHftt'^*  rwffn.Tw  .>* 

to  l^  UUirmtarv. 


972 


'KB  PAN0RK&8 


fDINTBSftNBST 


motion  of  the  chyme ;  the  result  is  obstinate  contttipalum. 
Oa  the  other  hand,  whatever  substaDces  capable  of  abtiorp- 
tiou  are  present  in  the  intestinal  tube  at  the  moment  when 
tlie  »pasiB  sets  iu^  will^  under  its  Lofluoucey  be  certainly  and 
rapidly  absorbed. 

By  the  latter  factor,  this  form  of  constipation  is  sharply 
distinguished  from  the  very  much  more  common  one,  whioh^ 
on  the  contrary,  depends  on  a  dimiiiution  of  the  peristaltic 
energy  of  the  intestine.  If  yon  ask,  under  what  conditions  do 
the  periBtaltic  movemeots  fall  below  the  customary  ^tandard^ 
I  reply  that  very  different  causes  may  be  at  the  bottom  of 
it.  Amongst  thom  the  chief  place  is  occupied  by  all  factors 
which  tend  to  diminish  the  contractile  power,  and  thereby 
the  functional  capacity  of  the  intestinal  mu&culature.  Here 
belongs  simple  vxhauatio^i,  such  as  occurs,  for  example,  after 
very  vigorous  peristaltic  action  ;  this,  as  a  rule,  speedily 
passes  off,  but  may  occasionally  pwrsist  after  purgatives  have 
been  resorted  to  excessively.  The  muscular  feebleness  of  the 
intestine  is  wont  to  be  still  more  pronounced  in  permanent 
circulatory  disturbances,  especially  in  chronic  hypera?mia  of 
the  intestinal  system  of  veins,  and  very  specially  when  in 
perttonitia  the  inHamniatory  uodema  has  extended  to  the 
muscular  coats  of  the  intestine.  An  essentially  enfeebling 
influence  must  attend  every  extensive  alteration  of  the  mus- 
culature, e.  g.  the  fatty  degeneration,  which,  as  pointed  out 
by  Wagner,*  is  of  such  frequent  occurrence  in  drunkards. 
Some  other  factors,  though  not  directly  impairing  the  con- 
tractile power  of  the  muscular  coats,  may  still  reduce  the 
peristaltic  energy.  Thus,  the  activity  of  the  peristaltic 
movements  must  clearly  be  small  when  the  sensory  nerves  of 
the  raucous  membrane  are  less  excitable  than  normal.  This 
appears  to  be  one  of  the  effects  of  opium,  and  at  any  rate  is 
always  present  in  opium-eaters.  It  might  also  be  worth 
considering  whether  many  forma  of  so-called  habitual  anuiti* 
patun^  may  not  depend  upon  such  diminished  excitability  of 
the  nerves.  Perhaps  there  is  yet  another  modus  whereby 
an  enfeebleraent  of  the  peristaltic  contractions  on  a  nervous 
biisis  may  be  brought  about.  In  many  cases  of  insanity 
and  of  other  diseases  of  the  central  aervona  system,  though 
•  £.  W»<fn»f.  *  A,  t  U«i]k.,'  ii,  p.  4i5» 
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fcx>d  is  taken  with  perfect  regularity,  the  motions  are  stnk- 
ingly  retarded,  without  the  occurrence  of  tonic  contraction 
of  the  intestine  ;  may  not  this  retardation  be  due  to  a  direct 
inhibitory  nervons  inilaence  on  the  intestinal  moTementa^ 
perhaps  by  way  of  the  splanchuics  ?  Lastly,  the  means  where- 
by considerable  altorations  in  tcnipei'ature  of  the  circulating 
blood  enfeeble  the  peristaltic  movements,  is  not  accurately 
known  ;  in  animals,  whose  bodies  are  cooled  much  below  the 
normal,  the  peristaltic  movements  gradually  cease,  and  in 
pyrexia  the  intestinal  contractions  take  place  feebly,  with 
reduced  energy,  uuless  some  other  complicating  factors  act 
in  an  opposite  direction. 

As  was  indicated  at  the  outset,  every  enfecblement  of  the 
peristaltic  movements  baa  the  necessary  effect  of  retarding 
the  motions,  or  producing  coixstipatimi.  For  when  these 
tDOvements  are  weakened,  the  passage  of  the  intestinal  con- 
tents is  retarded,  and  the  masses  do  not  so  rapidly  reach  the 
rectum,  where  they  should  regularly  excite  the  desire  for, 
and  act  of,  defecation.  Ilero  too,  it  is  clear,  that  an  incon- 
siderable reduction  of  the  already  sluggish  movements  of  the 
large  intestine  suffices  to  produce  constipation,  so  that,  as  a 
rule,  an  ordinary  clyster  will  pnt  an  end  to  the  misfortune. 
Normally,  only  the  sigmoid  flexure  and  the  upper  part  of 
the  rectum  are  filled  with  consistent  fsecal  masses,  but  the 
latter  will  in  this  case,  accumulate  throughout  the  entire 
colon,  inasmuch  as  fresh  chyme  is  constantly  being  dis- 
charged into  it  from  the  ileum,  but  only  very  slowly  moves 
forwards.  The  constipation  is  much  more  obstinate,  however, 
when  the  ujovemeuts  of  the  small  intestine  are  also  sluggish 
and  anenergetic,  and  it  is  more  especially  in  these  circum- 
stances that  the  patients  complain  of  an  extremely  troublesomo 
liensation  of  fulness  in  the  abdomen,  and  betray  objectively 
the  overloading  of  the  intestines  by  a  certain  amount  of  dis- 
tension and  protrusion  of  the  abdominal  wall.  In  theso 
(»»es,  the  great  fulness  and  distension  of  the  iiitefitines  are 
mainly  due  to  a  second  factor,  which  is  wont  regularly  to 
follow  inadequate  peristaltic  action,  namely,  the  enfeeblement 
and  diminufum  of  ahuorption  from  the  gut.  By  what  contri- 
vances the  absorption  of  matters  contained  in  the  intestine 
ia  effected,  has  not,  as  yoa  are  aware,  been  cleared  upas  yet. 
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in  spite  of  all  the  efforts  at  its  elacidfttion  :  still  there  can 
be  no  doobt  that  the  pressure  cansed  in  the  lamen  of  the 
intestine  bj  the  contractions  of  the  muscular  coat  forms  an 
important  accessory  in  conveying  the  nutritive  material  into 
the  blood-  and  chyle-vessels  of  the  mncoaa  membrane  ;  and 
it  is  also  certain  that  the  aaiue  contractions  are  of  essential 
assistance  in  forcing  on  the  chyle  from  the  vessels  of  the 
intestine  into  those  of  the  mesi'ntery.  Should  it  still  be  neces- 
sary to  give  further  proofs  that  a  weakening  of  the  peristaltic 
contractions  must  be  productive  of  considerable  disadvantages 
to  the  process  of  absorption,  pathology  is  able  to  prodnce 
them  in  abundance.  Even  the  volume  and  copiousness  of 
the  evacuations  taking  place  under  these  circumstances  clearly 
tells  in  this  sense.  A  very  excellent  illustration  of  the 
fact  is  afforded  by  so-c-alled  ch4)U'ra  sicca,  to  which  reference 
was  recently  made.  Here  we  saw  that  the  overloading  of 
the  intestinal  tube  by  a  rapid  diucharge  of  succus  ontericus 
was  unable  to  initiate  peribtaltic  movements,  because  the 
irritability  of  the  nerves  and  muscles  was  quickly  and  early 
dentroyed.  Hence  the  absence  of  rioe-water  stools  ;  yet  the 
fluid  ia  not,  as  would  normally  be  the  case,  absorbed,  but 
remains  undiminished  in  the  paralysed  int-estine  till  death. 
By  far  the  most  instructive  and  demonstrative  fact  in  con- 
nection with  a  paretic  or  paralytic  intestine,  however,  is  the 
behaviour  of  the  ^asea  in  it. 

The  gases  ordinarily  present  in  the  intesiinp,  cither  ent^ir 
it  from  the  stomach  through  the  pylorus,  or  develop  in  the 
intestine  itself.  That  which  passes  into  it  from  the  stomach, 
can  only ,  in  a  normal  condition,  be  the  residue  of  the  swallowed 
atnoapherio  air.  Since,  however,  pmctioally  all  the  oxygen 
is  absorbed  by  the  vessels  of  the  gaatrio  mncotxs  membrane, 
and  its  place  taken  by  carbonic  acid,  the  mixture  of  gasea 
entering  the  inte^stine  from  the  stomach  will  consist  only  of 
okrbonio  acid  and  nitrogen.  In  the  small  intestine  itnelf, 
gases  are  developed  from  the  chyme,  chiefly  when  the  diet 
is  vegetable,  containing  starches  and  sugar.  The  gases  in 
question  are  hydrogen  and  carbonic  acid,  so  that  butyric 
f.  '  ilion    is  probably  concerned    in  their    i'       *       i   :  ! 

j\  1    iglyj  the  gases  normally  met  with  in  th* 

tine  consist  of  a  mixture   of  nUrofcn,   carbtMia  atid,  and 
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hydrogen;  only  traoes  of  oxygen  are  usually  preBonfc.  The 
iVne  gases  are  always  contained  in  the  large  intestine,  yet 
wmrsh  gaa  ia  also  found  here,  coustantly  at  least  aftor  a  vege- 
table or  mixed  diet ;  on  a  meat  diet^  traces  of  Bulphtttetied 
hydrogen  often  appear.  All  tlie  gases  which  develop  in  tho 
intestine  owe  their  origin,  in  by  far  the  greater  part,  if  not 
altogether,  to  Tarioas  fermentative  and  putrefactive  decom* 
positions,  which  are  set  up  by  bacteria  in  the  contents  of  the 
intestine.  It  need  hardly  be  mentioned  expressly,  therefore, 
that,  in  iDBufiBoieQcy  and  diUtation  of  the  stomach,  a  great 
quantity  of  abnormal  gases  may  pass  directly  from  this  organ 
into  the  intestine,  and  that,  on  the  other  hand,  the  develop- 
ment of  gases  in  the  intestine  itself  will  be  highly  favoured 
by  the  retention  in  it  of  the  food-pulp  for  a  long  period.  I 
also  mentioned  recently  (vol.  iii,  p.  905)  that  when  the  anti- 
putrefactive bile  is  absent  from  the  intestine,  the  development 
of  gas  is  generally  specially  copiniiH. 

Now  if,  in  a  physiological  condition,  the  amount  of  gases 
present  in  tho  intestine  is,  despite  their  oontinuoue  increaso, 
only  moderate  and  their  tension  slight,  this  is  much  leas  un 
effect  of  the  peristaltic  movements,  which  are  of  service  only 
when  gas  is  very  abundantly  formed  for  a  short  time,  than 
of  the  absorption  of  gofiea.  Owing  to  the  fact  that  this  ab- 
sorption keeps  pace  uninterruptedly  with  their  development, 
the  gases  ore  removed  into  tributaries  of  tho  portal  vein,  to 
be  immediately  excreted  from  the  lungs.  But  in  order  that 
these  gases,  some  of  which  are  difficult  of  absorption,  may 
be  t&ken  up  by  the  blood,  the  aid  of  the  intestinal  contrac- 
tions will,  it  is  evident,  be  very  specially  necessary,  and 
while  absorption  is  greatly  furthered  by  the  tonic  contraction 
of  the  gut,  it  decreases  so  soon  as  the  peristaltic  action  is 
depressed  considerably  below  the  normal.  Thereupon  the 
amount  and  tension  of  the  gases  of  the  intestine  increase, 
the  gut  becomes  much  distended,  with  the  result  that  what 
is  termed  fneU^oriKin  is  produced,  the  extreme  degrees  of  which 
are  known  as  tympanitta.  The  development  of  marked. 
neteoriam  is  always  an  undesirable  event,  chiefly  because, 
owing  to  the  great  strain  on  the  intestinal  wall^  the  blood- 
veftsels  running  in  it  must  necessarily  be  compressed  and 
UAiTowed,  and  thus  a  fresh  obstacle  to  the  absorption  of  gasea 
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be  produced.  Under  these  circumstances^  the  volame  of  the 
intestines  increases  enormously,  and  the  abdominal  cavity 
becomes  immensely  enlarged,  a  cbange,  it  is  true,  which  can 
only  take  place  at  the  expense  of  the  yielding  walls  of  the 
cavity.  In  vigorous  and  healthy  individuals,  the  diaphragm 
is  much  less  resistant  than  the  very  powerful  musculature  of 
the  anterior  abdominal  wall ;  hence  in  such  persons  the  dia- 
phragm will  be  driven  upwards  more  strongly  and  earlier  than 
will  the  wall  of  the  abdomen  outwards.  Should,  however,  the 
latter  be  abnormally  distensible,  as  in  the  puerperal  state,  or 
after  the  removal  of  a  large  tumour  or  considerable  collection 
of  fluid  from  the  cavity,  the  abdominal  wall  may  then  also  be 
distended  and  protruded  strongly  outwards. 

By  far  the  highest  degrees  both  of  meteorism  and  constipa- 
tion are  observed,  when  any  kind  of  obstacle  for  a  length  of  time 
considerably  impedes,  or  even  renders  impossible,  the  forward 
movement  of  the  intestinal  contents.  Such  an  obstacle  may 
be  produced  by  the  accumulation  of  large  quantities  of  hard 
fsBces  in  the  large  intestine,  in  person  s  who  intentionally  avoid 
a  motion,  owing  to  painful  ulcers  of  the  anal  region  and  the 
like,  or  who  cannot  voluntarily  empty  the  rectum,  owing  to 
deficient  aid  from  the  enfeebled  abdominal  muscles.  Much 
more  serious  obstacles  exist,  however,  of  a  pathological  kind.  • 
Like  the  other  canals  of  the  human  body,  the  lumen  of  the 
intestine  may  be  extremely  narrowed  by  tumours  and  by  ctco- 
tridal  strictures  resulting  from  deep  ulcerations ;  foreign 
bodies,  also,  which  have  accidentally  entered  the  gut — I  may 
remind  you  of  the  large  gall-stones,  already  mentioned  (vol. 
iii,  p.  899),  may  become  firmly  impacted  and  thus  completely 
block  the  way.  From  the  peculiar  anatomical  arrangements 
of  the  intestines,  moreover,  certain  other  causes  of  imper- 
meability arise,  to  which  there  is  nothing  analogous  in  other 
organs:  IreteT  to  strangulated  hemise;  further,to  so-called  tn- 
temal  strangulations,  which  may  be  due  to  the  passage  of  a  loop 
of  small  intestine  through  an  abnormal  aperture  in  the  mesen- 
tery, or  to  its  constriction  by  a  band  crossing  the  peritoneal 
cavity,  a  strong  cord-like  adhesion,  or  again  to  the  production 
of  a  sharp  bend  in  the  intestine  through  the  adhesion  of  single 
loops  to  the  wall  of  the  abdomen  or  pelvis ;  lastly,  I  have  in 
mind  volvulus,  which  most  frequently  occnrSj  as  is  well  known^ 
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in  the  eigmoid  flezure,and  paiUological  inUumuscepiion,  that  is, 
tbe  invagination  of  one  portion  of  the  intehtine  into  the  por- 
tion following  it.  No  mutter  what  the  cuuse  of  the  obstruc- 
tion, a  less  than  normal  quantity  of  intestinal  couteutfi  will 
paaa  the  affected  spot ;  the  evacuations  will  therefore  become 
infrequent  and  small  iu  amounti  and,  indeed,  if  the  intestine 
is  quite  impassable  tbe  motions  must  boou  cease  altogether. 
Above  the  obstacle,  on  the  other  hand,  the  food-pulp  accu- 
muluies,  and  there  is  produced,  slowly  or  rapidly  according 
to  the  amount  of  stenosis,  such  an  overloading  and  disten- 
sion of  the  affected  loops  as  to  greatly  damage  the  func- 
tional power  of  the  mubcular  coat;  thus,  as  already  explained, 
the  preliminary  conditions  of  tbe  most  extreme  meteorism  are 
set  up.  Yet  tbesc  are  not  the  only  resalis  of  the  stenosis. 
Under  physiological  conditions  the  passage  of  the  chyme 
through  the  small  intestine  is  so  rapid  that  the  albumen  of 
the  food  c-annot  possibly  be  there  subject  to  profound  putre- 
factive chunges.  The  small  luiobtiue  i»  rather  the  proper 
station  for  the  energetic  action  of  the  digestive  juices  and 
i\\Ki\v  ferments,  and  the  bodies  formed  from  albumen  under 
ihe  induence  of  these  ferments,  peptones,  leuciu,  tyrosin, 
^.,  are  for  the  most  part  absorbed  soon  afier  their  produc- 
tion. In  the  large  intestine,  on  the  contrary,  where  true 
putrefactive  processea  greatly  predominate,  there  is  an  ab- 
sence of  large  quantities  of  albumen  to  undergo  putrefac- 
tion. The  circumstances  are  completely  altered  in  stenosis, 
especially  in  the  bmall  intestine.  The  contents  of  the  oc- 
cluded gut  then  behave,  as  Jaffe*  very  properly  notices,  like 
an  artificial  digestive  mixture  kept  for  a  considerable  time 
in  a  digester;  t.  e.  the  albuminous  bodies  are  further  decom- 
posed luad  indubitable  products  of  putrefaction  arise,  more 
ipecially  indol  and  phenol,  besides  volatile  fatty  acids  and 
irbu retted  hydrogen.  But  since  absorption  though  di- 
minished is  not  completely  at  an  end,  the  bodies  so  formed 
must  paiis  into  the  urine,  where  the  phenol  is  excreted  un- 
altered, tlie  iudol  as  hidican.  In  very  many  cases  of  stagna- 
tion of  the  contents  of  the  small  intestine^  in  consequence  of 
impermeability  of  the  gut  or  of  peritonitis,  JikS6f  found,  in 

•  Jiiff*.  •  Viroh.  A./  Ux»  p.  7a, 
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fact,  tbat  the  indioan-contents^  and  Salkoweky*  and  Briegert 
the  carbolic-acid  contents,  of  the  urine  were  yerj  consider- 
ably augmented,  often  by  ten  to  fifteen  times  the  normal 
amount  and  more.  Jaff4  and  Salkowsky  found  the  same  con- 
dition of  the  urine  in  dogs,  in  which  they  had  ligatured  the 
small  intestine — an  operation  which  the  animals  bore  sur- 
prisingly well.  When  the  large  intestine  was  ligatured  there 
was  no  increase  of  indican  or  of  phenol,  nor  is  there  any  in 
human  urine  in  ordinary  constipation  which  usually  depends 
on  the  large  intestine  alone.  The  explanation  of  this  ap- 
parently paradoxical  fact  is  undoubtedly  to  be  sought  with 
Jaff6  in  the  absence  from  the  large  intestine  of  material  for 
an  abundant  formation  of  indol  and  phenol ;  accordingly,  in 
stenosis  of  the  large  intestine,  large  quantities  of  these  sub- 
stances can  only  be  excreted  in  the  urine  when,  owing  to  the 
obstacle,  the  contents  of  the  small  intestine  also  stagnate. 

There  is  still  another  event,  rightly  regarded  as  of  very 
ominous  import,  which  takes  place  much  earlier  and  more 
readily  in  impermeability  of  the  small  intestine  than  in  oc- 
clusion of  the  colon,  namely,  atercoraceoua  vomiting,  miserere. 
This  terrible  symptom  must  at  first  sight  astonish  eveiyone, 
because  we  do  not  meet  with  materials  having  the  appearance 
and  odour  of  fadces  except  in  the  large  intestine,  and  are 
naturally  unwilling  to  admit  the  possibility  of  a  reflux  from 
such  a  remote  region  of  the  gut  to  the  stomach :  moreover, 
if  the  obstacle  is  seated  in  the  small  intestine,  how  can  the 
contents  of  the  colon  by  any  chance  reach  the  stomach  ? 
Still,  in  cases  where  the  cause  of  the  yomiting  is  an  oc- 
clusion of  the  colon,  the  faeces  contained  in  the  large  intes- 
tine never  pass  back  beyond  the  ileo-caecal  valve,  and  the 
Vomited  matter  always  consists  of  the  contents  of  the  small 
intestine.  True,  it  is  not  the  normal  chyme,  but  a  mass  which, 
nnder  the  influence  of  the  putrefactive  processes  just  des- 
cribed, has  acquired  the  characters,  not  of  course  of  the  solid, 
but  of  the  fluid,  contents  of  the  colon.  The  vomiting  is  not 
produced,  as  has  been  supposed,  by  so-called  antiperistaltic 
movements ;  rather  it  depends  on  the  fact  that  the  tension 

•  Salkowsky, '  Med.  Centimlb./  1876,  p.  818 ; '  Viroh.  A.,'  Ixxiii,  p.  409. 
t  Bri«ger,  *  Med.  CentnlbL/  1878,  p.  545 ;  '  Zietwhr.  1  klin.  Med./  ui, 
Hft.3. 
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of  the  small  intestiziey  which  gr&daally  increases  aa  it  becomes 
enonuously  overloaded,  finally  overcomes  the  resistance  of 
the  pyloruB, — this  being  naturally  always  less  than  that  of 
the  occlusion, — and  now  by  the  entrance  of  the  fermenting 
intestinal  contents  into  the  stouaoh  the  act  of  vomiting  is 
initiated.  It  is  also  possible  that  the  distension  of  the  small 
intestine  of  itself  excites  the  vomiting,  when  the  pressure 
of  the  abdominal  walls  would  expel  not  merely  the  contents 
of  the  stomach  but  those  of  the  small  intestine  also. 

If  the  interruption  of  the  lumen  of  the  gut  be  seated  low 
down  in  the  sigmoid  flexure  or  rectum,  the  sterooraceons 
vomiting  may,  as  already  stated,  be  long  delayed ;  in  this 
case,  however,  other  no  less  serious  consequences  are  wont 
to  set  in  the  earlier.  The  enormous  dilatation  gradually 
undergone  by  the  entire  colon  reuders  its  wall  extremely 
ansBmio,  while  diphtheria,  with  attendant  ulooration,  is  deve- 
loped under  the  influence  of  the  bulky  and  acid  putrefactive 
products  derived  from  the  intestinal  contents,  which  are  then 
represented  by  a  thin,  fermenting  pulp  of  penetrating  and 
most  repulsive  odour.  The  ulcers  having  formed,  it  will  not 
be  long  before  one  of  the  defective  and  thiuued-out  portions 
ruptures.  Only  a  very  minute  aperture  is  usually  produced  ; 
still  the  escape  of  the  smallest  drop  of  the  intensely  putrid 
fieces  suffices  to  bring  about  a  fatal  peritonitis.  A  large  pro- 
portion of  the  patients  suffering  from  cancerous  stenosis  of 
the  rectum  perish  in  this  way,  and  usually  it  is  a  peritonitis 
so  originating  that  puts  an  end  to  the  life  of  children  who  have 
come  into  the  world  with  atresia  ani,  and  have  not  been 
operated  on. 

Obviously,  every  other  variety  of  solution  of  continuity  of 
the  intestinal  wall  must  also  be  followed  by  a  fatal  peritonitis, 
provided  do  adhesion  between  the  gut  and  some  other  part 
prevents  the  escape  of  the  intostiual  contents  into  the  peri- 
toneal cavity.  Ulcers,  however  conditioned,  are  by  far  the 
c  '  ^   cause  of   solutions   of   continuity;   in   typhoid, 

ti.  I  :''j  diphtheritic,  and  cancerous  ulcers,  in  short  in  all 

possible  forms  of  ulceration,  we  can  often  enough  discover 
^"  '  "  >.  Only  very  exceptionally,  however,  at  least  in 
lii^  :  I  <c    ulcers,  have  we  to  deal  with  actual  perforation, 

S.«.  with  the  extension  of  theulcerotive  process  to,  and  through, 
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the  serous  coat.  The  final  solation  of  continnity  depends  as 
a  rale  on  the  rupture  of  tlie  greatly  attenuated  base  nf  the 
ulcer,  a  ruptnre  which  probably  is  most  readily  occasioned 
by  a  sadden  distension  of  the  implicated  loop  by  the  develop- 
nient  of  gases  or  some  similar  cause.  In  the  next  place,  /rau- 
tnaia,  especially  when  occasioned  by  a  difTiiRod  force,  0.  g.  the 
wheels  o£  a  vehicle,  or  the  manipulations  in  forced  taxis  of 
a  hernia,  may  prodnce  rnptnre  of  the  intestine ;  moreover, 
in  volvulus  and  internal  strangulation,  gangrene  of  thestran* 
gnlated  part  may  allow  of  linear  rupture  of  the  affected  loop. 
While  in  all  these  cases,  there  is  not  sufficient  time  for  the 
development  of  digestive  disturbances,  such  disturbances  are 
also  of  decidedly  subordinate  importance  when  the  perfora* 
tion  takes  plane  into  another  cavity.  Some  of  the  varieties 
of  this  accident  have  been  noticed  already,  e.  g.  the  establish- 
ment of  a  communication  between  the  dnodenam  or  colon 
transvereum  and  the  bile-passages,  the  significaace  of  which 
was  considered  in  connection  with  the  abode  taken  up  by 
the  bile.  The  cholecystitis,  perhaps  set  up  in  consequence 
of  the  communication,  may  evidently  be  the  more  safely 
neglected,  as  this  aflection  is  wout  as  a  rule  to  precede  the 
perforation.  We  also  noticed,  further,  the  escape  of  gaatria 
contents  into  the  largo  intestine  ss  the  result  of  an  abnormal 
communication  between  stomach  and  colon,  and  this  stiite- 
inent  may  now  be  supplemented  by  saying  that  the  conlejits 
of  the  lartje  inte^ittns  may  aofneiimen  entfir  the  atomach  and 
give  rise  to  actual  stercoraceous  vomiting,  in  the  absence  of 
all  other  symptoms  of  stenosis  of  the  intestine.  Perforation 
of  the  intestine  into  the  pelvia  of  the  kidney,  or,  aa  more 
commonly  happens,  into  the  summit  of  the  urinary  bladder, 
may  occasion  a  formation  of  calculi,  provided  very  severe  forma 
of  pyelitis  or  cystitis  do  not  previously  develop.  In  oommn- 
nication  between  the  fundus  of  the  urinary  bladder  and  the 
rectum,  cystitis  is  also  present,  but  in  this  inatAuce  there  is 
in  addition  a  very  trouble  rnptora — inability  to  retain 

the  urine.      The  largest  c  '  '  to  these  abnonnal  commu* 

nications  is  supplied  by  the  female  sexual  organs,  not  so 
mnch   in  consiti|u**nce   of    thr    "       '       '  :    and 

Binall  intestine,  bometimes  priH  I  ,     ;  ri»ncc 

in  difficult  labours,  as  of  cancerous  disease  ^viog  rise  to  a 
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large  opening  between  tbe  v&gina  and  rectam.  Bearing  in 
mind  the  anatomical  poBition  of  the  vagina,  tlicae  fistalro 
may  cviduutly  be  regarded  us  being  tHjiiivalent  to  direct 
communications  between  the  inbestinal  cavity  and  the  exterior 
of  the  body,  or  external  inteKtiual  Gstulse. 

Snch  external  intcjitintil  jLttulie  nre  far  from  rare.  They 
result  either  from  traumata,  by  which  the  abdominal  wall  is 
opened  at  some  spot  allowing  the  intestine  to  protrude,  or  in 
consequence  of  strangulation  and  gangrene  of  a  hernia  with 
aecondary  rupture  of  the  sac;  moreover,  they  are  often  arti- 
ficially established  in  iucarcerated,  irreducible  herniae,  and 
above  stenoses  of  the  gut.  It  need  hardly  be  said  that  such 
an  anns  preeternaturalis  is  under  all  circumstances  extremely 
burdensome,  owing  to  the  escape  of  intestinal  contents,  which 
can  never  be  quite  avoided,  so  much  so  that  in  true  fsectil 
fititula  of  the  largo  intestine  the  sufferer  is  almost  excluded 
from  the  society  of  his  fellow-meu  by  reason  of  the  bad  odour  ; 
as  to  the  amount  of  digestive  disturbance  thus  conditioned, 
everything  depends  upou  whv.iher  the  fistula  is  or  is  not  com* 
fhtti.  In  the  latter  case,  ».  e.  when,  though  an  opening 
leads  outwards  from  the  loop  of  intestine  to  the  exterior  of 
the  body,  the  passage  through  tbe  intestine  is  free  and  nnob* 
atmcted,  the  fistula,  according  to  its  siae,  gives  rise  only  to 
ft  small  or  more  abundant  loss  of  digestive  juices  and  nutri- 
tive material — a  loss^  for  tbe  rest,  which  can  be  coosiderably 
reduced  if  not  entirely  stopped  by  properly  fitting  pads  ; 
still  digestion  takes  place  regularly  if  no  other  complication 
interferes,  and  nothing  can  be  simpler  nnder  these  circum- 
•tancea  than  the  compensation  of  tbe  loss  of  nourishmeat  by 
correspondingly  increasing  rhe  supply.  Aa  compared  with 
such  fistulte,  much  more  serious  and  important  effects  attend 
on  those  by  which  the  connection  between  the  upper  and 
lower  segments  of  the  intestine  is  completely  interrupted  at 
the  affected  spot,  so  that  the  ingesta  travel  only  so  far,  the 
lower  segment  of  the  gut  being  then  completely  useless. 
These  cases  of  complete  intestinal  fistulas  have  long  excited 
the  interest  of  physiologists  and  pathologists,  owing  to  the 
informution  supplied  by  them  as  to  the  process  of  intcatiual 
digestion  ;  honco  the  literature  contains  a  largo  number  o£ 
good  and  carefnl  observations. 
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Tlie  iujury  resulting  to  digestion^  and  hence  to  the  or- 
ganism aaa  whole  in  conaequeuce  of  complete  iuteatinal  fistula, 
is  naturally  greater  the  nearer  the  fistula  lies  to  tho  pylorus, 
aud  the  less  therefore  the  length  of  intestine  taking  part  in 
digestion.  The,  in  a  measure,  claHStoal  example  of  a  high 
fibtula  of  the  gut  is  that  of  Busch^*  where  the  opening  was 
situated  in  the  opper  third  of  the  small  intestine,  probably 
not  much  beyond  the  papilla  duodenalis.  Within  six  weeks, 
the  patieutj  a  woman  of  thirt3^-ouej  had  wasted  to  a  skeleton, 
weighing  less  than  seventy-five  pounds,  and  had  grown  bo 
feeble  that  she  could  not  even  turn  in  bed  without  assistance, 
and  spoke  with  difficulty  and  iu  a  whisper  ;  respiration  waa 
quite  shallow^  the  pulse  slow  and  thready.  Although  the 
ward  WAS  kept  warm,  she  had  constantly  a  marked  sen&ation 
of  cold,  and  was  in  the  highest  degree  apathetic  and  drowsy  ; 
it  was  alno  very  interesting,  that  although  she  consumed  a 
great  quantity  of  food  she  was  never  completely  satisfied, 
but  remained  hungry  even  when  she  felt  tho  stomach  full. 
None  of  these  severe  symptoms  was  present  in  Braune's  caao^t 
when  the  fistula  was  seated  24  centm.  above  the  ileo-oaaoal 
valve«  This  patient,  a  woman  of  forty-nine,  also  had  become 
emaciated  and  feeble  during  the  previous  year,  yet  her  con- 
dition did  not  nearly  approach  that  of  the  case  above  des- 
cribed, and  at  any  rate  it  was  found  possible  to  so  strengthen 
ber  by  a  good  and  abundnnt  diet  in  a  short  time,  as  to  justify 
an  attempt  to  cure  the  mischief  by  operation.  Ewald's  pa- 
tient,t  whoso  fistula  probably  lay  in  the  lower  third  of  the 
small  intestine,  was  also  saved  by  careful  uuraingand  a  liberal 
dietary;  nor  in  the  cases  of  Markwald§  and  Czerny|| --com- 
plete faecal  fistula  iu  the  commencement  oE  the  large  intestine 
and  fistula  of  the  sigmoid  flexure — was  there  any  emaciatioD 
ur  feebleness  worth  noting. 

In  all  these  examples,  the  lower  portion  of  the  intestine 
waa  completely  inactive  ;  motions  per  anum  were  altogether 
absent,  or  at  moat  the  evacuations,  consisting  of  greyish- 
white  lumps  of  mucus,  were  minute  and  took  place  at  in- 
tervals of  several  weeks.     The  npper  end,  next  the  fistula, 

•  Bim^h, '  Virch.  A..'  xW,  p.  140.     t  limiino.  *  Vireh.  A..'  ^x,  p.  470. 
i  Ewiild, '  Virch.  A..*  Itxr,  p.  409.   §  M^rkwaM.  *  Viroh.  A./  Uir.  p.  505. 
II  Ciuimy  and  I^tJicbauborgvr,  *  Viich.  A./  Ux.  p.  ifii. 
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of  the  lower  segmeut  was  scarcely  moistj  aud  fluid  iiover  es- 
caped from  it.  Yet  this  inactive  portion  of  the  intestine  ro- 
tained  its  fuaotioual  power.  True^  such  an  isolated  piece  of 
tlie  gut  could  not  be  expected  to  exert  considerable  chemical 
effects  on  the  food-stuffs  introduced  into  it.  The  only  secre- 
tion hero  ])ourod  out  is  the  succus  entericus,  the  sole  fermen- 
tative action  of  which  isj  we  were  able  to  dcterminoj  the 
couversiou  of  starch  into  sugar.  For  the  rest,  Markwald 
could  not  convince  himself^  in  his  cose,  that  a  sugar-forming 
ferment  ia  ever  produced  in  the  large  intestine ;  the  juice 
oxprossed  from  a  sponge,  which  had  been  introduced  into 
the  fistula,  failed  to  convert  starch  into  sugar,  and  a  gauze- 
bag  filled  with  starch -solution  gave  no  sugar-reaction  after 
it  had  remained  several  hours  in  the  large  intestine.  On  the 
other  hand,  Biisch  succeeded  in  detecting  the  aniylolytic  fer- 
ment in  the  lower  section  of  the  gut  in  his  example  of  intes- 
tinal fistula.  No  other  ferment  is  present  beyond  the  pan- 
croiis  ;  aud  if  Busch  also  succeeded  in  determining  a  toss  of 
weight— aometimofl  only  5  to  6  per  cent,  and  never  more 
than  35 — in  pieces  of  flesh  and  hard-boiled  eggs  introduced 
through  the  fistula  into  the  lower  end  of  the  intestine  and 
loft  thero  for  a  conKidornble  time,  the  penetrating  odour  of 
puti-offtctiou  given  off  by  the  pieces,  even  after  six  or  seven 
hours,  betrayed  tho  agency  to  which  the  loss  was  due.  In 
this  respect  more  especially,  these  cases  of  human  complete 
intestinal  fistula3  are  extremely  instructive.  For  they  show 
not  only  that  true  and  indubitable  putrefactive  processes  take 
place  in  tho  human  intestinal  canal,  but  above  all  that  these 
putrefactive  processes  are  actually  beneficial  to  the  organiam, 
owing  to  the  absorption  of  the  peptones,  &c.,  which  are  pro- 
duced by  them.  The  capacity  for  absorption  of  the  lower  sec- 
tion of  the  intestine  continues  as  usual,  in  spite  of  the  long 
period  of  inactivity.  When  Busch  introduced  gruel  and  meat* 
brotb,  beer,  pieces  of  egg  and  meat  into  the  lower  segment, 
tl-  '   ■  t  after  twenty-four  hours  had  an  abundant,  of  course 

irod  stool,  which  smelt  of  carrion;  and  she  recn- 
kted  remarkably  in  a  very  short  time  on  this  regime,  her 
weight  inereatjing  in  three  months  by  nearly  nineteen  pounds, 
Not  even  an  approximately  equal  effect  can  result  from  ab- 
rpiioQ  from  the  large  iutestiue.   From  it  are  absorbed  water, 
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poptoDeSj  sagar,  and  easilj  BoloLle  salts,  bat  on]y  in  small 
quantity  and  very  dilate  solotions,  while  concentrated  pe| 
tone- solutions  give  rise  to  diarrhcea.  Absorption  bono  takt 
place  very  slowly ;  for  250  com.  water  twelve  hoars  were 
required  by  Markwald's  patient,  and  Czemy  calculated  that 
the  entire  colon  of  his  patient  was  capable  at  most  of  ab- 
sorbing six  grams  of  soluble  albumen  in  twenty-four  hours.* 
In  another  respect  these  results  are  of  great  value.  For  it 
is  obvious  that  these  six  grams  of  albumen  are  much  too 
email  an  amount  for  the  contiuued  maintenance  of  life  ;  and 
although  it  is  not  impossible  that  other  individoala  may  faav^ 
tho  power  of  absorbing  more  from  the  large  intestine,  espe^ 
cially  when  suitable  solutions  of  albumen  are  selected,  yet 
these  experiences  render  it  highly  improbable  that  we  shi 
ever  succeed  in  feeding  for  a  considerable  period  per  anunhji 
if  nothing  whatever  is  taken  per  oa.  On  the  other  hand,  in 
temporary  obstruction  te  the  regular  supply  of  food,  and 
in  insane  persons  who  refuse  to  eatjt  feeding  by  enemata  com« 
poaed  of  the  Kfihne-Lenbe  "  flesh-pancreas-solution  "  or  other 
solution  of  peptone  may  prove  of  the  greatest  service,  and  in 
certain  circumstances  be  the  means  of  saving  life. 

Whether,  when  the  intestine  is  normal  in  condition,  the 
absorption  of  food-stuffs  may  be  checked  and  impeded  by 
any  kind  of  morbid  factor  unconnected  with  the  gut,  cannot 
at  present  be  stated  with  certainty.  The  chyle-stream  in  the 
mesenteric  chyle-vessels  and  in  the  ductus  thoracicns  would 
chiefly  come  up  for  consideration  here.  Truej  it  is  not  open 
to  doubt  that  an  impenneahtUty  of  tlie  duH  which  fails  to  bo 
compensated  by  the  dovelopmcnt  of  collaterals  must  render 
the  further  absorption  of  fat  completely  impossible,  from  the 
moment  when  the  tension  in  the  tributaries  of  the  chyh 
vesaelB  has  reached  a  certain  elevation.  8uch  impermeability^ 
however,  though  not  so  unheard  of  as  was  formerly  supiiosed^ 
is  yet  a  rare  condition,  and,  moreover,  when  present  is  oau- 
ally  found  associated  with  nther  aevero  affections,  snch  as 
geoeral  tuberculosis  and  carcinosis,  so  that  the  condition 
itaeli  has  scarcely  auy  practical  interest.      At  any  rate,  it 

*  Cieray  und  Lattdienberger, '  Vtroh.  A./  Ux,  {x.  t6i. 
t  JsMeo,  'Med.  Ctbl./  1S78.  p.  613. 
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would  be  of  much  greater  iiuportanco  to  know  the  degree  of 
disinrbance  of  absorption  which  may  attend  noU'Compcmtatcd 
cardiac  lesions.  For  a  disturbance  of  this  process  may  bo  tho 
more  certainly  premised  heroi  as  both  the  efflux  of  vonous 
blood  and,  owing  to  the  positive  pressure  in  the  vena  cava, 
the  chyle-atream  will  be  impeded  ;  as  a  result  tho  vicarious 
office  of  one  or  other  of  these  paths  is  excluded.  Lastly, 
diseasee  of  the  mesenteric  glands,  especially  their  extremely 
common  caaeationy  aro  deserving  of  mention  in  this  connec- 
tion. Should  the  caseation,  as  so  often  happens,  be  accom- 
panied by  tuberculous  or  scrofulous  ulcers  of  the  intestine, 
its  siguificauco  can  scarcely  be  accurately  estimated.  But 
every  one  who  has  often  had  opportunities  for  examining  the 
bodies  of  little  children,  who  have  perished  with  the  sym- 
ptomsof  chronic  intestinal  catarrh  and  general  atrophy,  knows 
that  in  them  the  changes  in  the  intestinal  canal  fall  into  tho 
shade  beside  the  striking  enlargement  and  caseous  metamor- 
phosis of  tho  mesenteric  lymphatic  glands.  In  such  cases, 
in  my  opinion,  the  idea  obviously  suggests  itself  that  tho 
true  central  point  of  tho  affection  consists  h\  tho  intorferenco 
with  absorption  brought  about  by  the  dieeasa  of  the  glands, 
thus  completely  justifying  the  name  of  jMhi»x3  inesmUerka. 


I  may  be  permitted,  in  conclusion,  to  say  a  few  words  with 
regard  to  defeecation,  since  in  it  some  factors  play  a  part 
which  have  hitherto  not  been  touched  upon.  Closo  above 
thv  nnus  are  placed,  as  you  know,  the  two  sphincters,  by 
whose  tonic  contraction  the  lower  end  of  the  intestine  is  kept 
closed,  and  a  kind  of  reservoir  formed  al>ovo  in  which  the 
fieccs  may  collect.  So  soon,  now,  as  the  fraces,  moving 
downwards,  touch  the  mucous  membrane  in  the  region  of  the 
sphincters,  the  tone  of  these  muscles  is  reflexly  increased  ; 
while,  on  tho  other  hand,  the  desire  to  go  to  stool  arises. 
Tho  external  sphincter  is  then  voluntarily  relaxed,  and  if 
the  fffices  are  soft  an  energetic  peristaltic  contraction  of  the 
largo  intestine  suffices  to  expel  the  contents  of  the  reservoir 
through  the  anus.  When  the  fceces  are  solid,  the  expulsive 
power  of  the  abdominal  muscles  is  called  upon  for  aid ;  this 
rigoroufily  presses  forwards  tho  contents  of  the  colon  and 
thus  forces  out  the  excrement,  while  the  simultaneous  con- 
traction of  tho  levator  uni  prevents  the  prolapse  of  the  rectnm 
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itself.  With  these  physiological  factors  in  mind,  there  can 
be  no  difficulty  ia  explaining  the  derangements  of  defsDOatioa 
which  are  met  with.  If  stimulation  of  the  sensoi'y  nerves 
of  the  macous  membrane  in  the  region  of  the  sphincters  sets 
up  the  sensation  of  need  for  defaecation,  it  is  ovidont  without 
further  explanation  that  there  will  be  an  extremely  troublesome 
and  torraonting  tenesmus  in  painful  infiammatioii,  and  uiorc 
especially  in  ulcers,  of  this  region.  It  is  equally  unnecessary 
minutely  to  refer  to  the  drawbacks  reBulliug  to  deftecation 
from  a  relaxation  and  diminution  of  contractile  power  in  the 
abdominal  muscles.  Wlien  the  abdominal  wall  is  greatly 
dibteuded  aud  more  than  normally  tense,  during  the  latter 
months  of  pregnancy  or  in  consequence  of  a  large  ovarian 
tumour  or  a  considerable  ascites,  and  when,  after  the  expul- 
sion of  the  foetus,  the  i-euioval  of  the  tumour,  or  the  draw- 
ing off  of  the  fluid,  the  abdominal  muscles  have  not  had 
time  to  recover  their  original  tone — still  more  when  they  are 
paretic  or  even  paralytic — defajcatioii  in  such  persons  depends 
solely  OQ  the  peristaltic  movements  of  the  intestine ;  hence 
these  conditions  may  gradually  lead  to  such  a  stagnation  and 
accnmulatiou  of  solid,  hard  fieces  in  the  rectum,  sigmoid 
flexure,  aud  descending  colon  as  themselves  to  constitute,  as 
already  mentioned,  a  marked  obstacle  to  the  forward  move- 
ment of  the  iuteatinal  coutonis.  Furthermore,  it  is  evident 
that  all  enfeoblemont  of  tone  of  the  sphincters,  aud  especially 
the  imralyshi  of  these  muscles  which  occurs  in  many  diseases 
of  the  spinal  cord,  must  interfere  with  the  retention  of  the 
fieces.  Finn  masses  will  not  therefore  escape,  but  the 
evacuation  of  softer,  i»u]tiiceous  v-  t   may  bo  brought 

about  solely  by  the  peristaltic  ccji  -^  of  the  iutcstine, 

ond  without  the  aid  of  the  will ;  there  occur,  iu  other  wordH, 
involuntary  motions,  incf  '  *-  alvi.  Owing  to  the  para- 
lysis of  the  sphincters,  the  ^  .  dti."*pito  every  effort,  cannot 
retain  the  motion,  and  accordingly  this  condition  should  bo 
distinguished  from  the  othiir  form  of  t**Hlc'it  xnscim,  where  the 
motion  is  involuntary  because,  owing  to  aucesthesia  of  the 
rectum  or  from  general  insensibility,  he  remains  unconscious 
of  tho  need  for  deficcatiou.  Lastly,  it  follow**,  from  the 
above  considerations,  that  the  relaxation  of  tho  sphincters 
must  predispose  to  prolapsus  recti  lu  pruportiuu  as  tho  levator 
uui  i«  involved  in  the  pareiia. 


SECTION    IV. 

THE  PATHOLOGY  OF  RESPIRATION. 

On  now  turning  to  the  pathology  of  the  respiratory  appa- 
ratus, you  will  hardly  expect  me  to  preface  this  portion  of 
our  subject  by  an  introductory  exposition  of  the  mechanism 
and  chemistry  of  normal  respiration,  for  I  should  only  have 
to  repeat  matters  with  which  you  are  already  perfectly 
familiar  from  your  physiological  studies.  It  is  true  that  if 
anywhere,  then  certainly  in  the  domain  of  respiration,  the 
relations  between  physiology  and  pathology  are  so  intimate 
that  not  merely  has  the  physician  felt  tempted  to  directly 
deduce  the  derangements  of  the  respiratory  apparatus  ob- 
served at  the  bedside  from  the  physiological  doctrines  of 
respiration,  but  there  is  the  greatest  difficulty  in  determining 
the  boundary  line  between  them ;  in  fact,  it  is  hardly  possible 
to  do  so.  That  particular  deviation  from  the  normal  which 
plays  so  important,  I  would  say,  so  determining  a  role  in  all 
diseases  of  the  respiratory  organs — I  mean  the  dyspnma — is 
a  process,  the  details  and  conditions  of  which  have  been  most 
carefully  analysed  by  physiologists.  More  than  this ;  phy- 
siology concerns  itself  very  particularly  with  the  state  of  the 
respiration  under  conditions  difPeriug  completely  from  the 
ordinary  ones ;  I  remind  you  of  what  you  have  been  taught 
as  to  the  respiration  of  artificial  gas-miztnres,  whether  ab- 
normally rich  in  oxygen  or  in  carbonic  acid,  further  with 
regard  to  the  poisonous  gases,  as  well  as  with  reference  to 
respiration  under  abnormally  high  or  abnormally  low  atmo- 
spheric pressure.  With  affairs  in  this  position  we  shall  act 
most  advantageously,  it  seems  to  me,  if  we  confine  our  dis- 
cassion  to  such  conditions,  when  due  to  true  and  indubitable 
morbid  processes  in  the  organism.     The  path  aloi        ' '  ^^  we 
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must  proceed  will  appear  very  naturally,  on  recollecting  tHe 
individual  phases  of  the  respiratory  process  and  the  functions 
in  which  the  organism  thus  engages.  Bespiration  consists 
in  an  eqtuUisation  of  tension  between  the  gases  of  the  blood 
and  of  the  atmosphere,  an  equalisation  which,  though  it  may 
occur  in  any  locality  in  which  blood-oapillaries  come  into 
sufficiently  close  contact  with  a  stratum  of  air,  in  human 
beings  takes  place  so  preponderatingly  in  the  specific  respira- 
tory organs — and  here  in  the  alveoli — that  every  other  kind 
of  respiration  may  in  comparison  be  neglected.  Atmospheric 
air  reaches  the  alveoli  through  the  complicated  system  of 
respiratory  'passages  ;  and  certain  muscular  movements,  the 
respiratory  movements,  secure  that  fresh  quantities  of  air 
shall  constantly  be  brought  into  contact  with  the  blood-capil- 
laries, while  at  the  same  time  the  circulation  no  less  con- 
stantly conveys  fresh  portions  of  venous  blood  into  contact 
with  the  atmospheric  air.  If  the  atmosphere  contains  its 
ordinary  constituent^  in  their  proper  proportions,  respiration 
will  take  place  normally,  provided  the  respiratory  passages 
arfi  natural  and  the  respiratory  movements  as  well  as  the 
circulation  are  regularly  carried  on.  Our  task  will  therefore 
be  to  examine  the  state  of  respiration  in  abnormal  conditions 
of  the  respiratory  passages,  in  irregularities  of  the  apparatus 
carrying  out  the  respiratory  movements,  and  in  disturbances  of 
the  blood'Circulation. 


CHAPTER  I. 


THK  AIR-PA8SAQES, 


Ajtatomical  arrangemeni  of  tlie  air^paBttages, — Narrowing  of 
the  nasal  cavity  and  of  the  pharynx, — Stenottee  of  the  larynx 
and  trachea. — Forfiign  bodtei*  and  tumourg. — Ooiire, — 
Strictures. — Croup. — (Edema  glottidis. — Paralysis  of  the 
glottis'C losers. — Spasm  of  the  glottis, — Oonsequences  of 
stenoses. — Death  by  asphyxia. — Modification  of  respiration, 
'—Erpiratory  and  inspiratory  dyspncea. — Self-regulation 
of  respiration  by  the  vagus. — Regulation  of  the  amount  of 
air  rcfipircd  by  the  dyspnoea. 

Narrowing  of  the  bronchi. — Asthma  bronehiale. — Bran* 
chilis  eatarrhalis  and  crouposa, — Mode  of  respiration  in 
bronchitis. — Local  bronchial  stenoses. — Foreign  bodies,^ 
Tumours. — Narrowing  due  to  cicatrices  and  callosities,— ~^ 
Obliteration  of  a  bronchus. — Consequences  of  local  bronchial 
stenoses  to  respiration. — Compensatory  inflation  of  the  per- 
vious sections  of  the  lungs. — Atelectasis  and  secondary 
bronchiectasis  beyoTvd  the  occluded  portion  of  a  bronchus. 
— Alveolar  ectasis  J  emphysema  J  and  bronchiectasis  beyond 
a  stenosis  of  a  bronchus. 

Obstacles  in  the  alveoli. — Brown  induration  of  the  lungs, 
— General  pulmonary  (edema. — Inflammatory  infUtration. 
— Usemorrhagic  infarct. — Pulmonary  hsemorrhage, — T-u- 
mours. — Interstitial  and  cirrhotic  processes. — Compression 
of  the  alveoli. — Imj^ediments  to  the  change  of  voluine  of 
the  alveoli, — Pleuritic  synechia. — Open,  sacculated,  closed, 
and  valvular  pneumothorax. — Transudations,  exudations, 
and  tumours  in  the  thorax. — Deformities  of  the  thorax.^ 
Influence  upon  inspiratitm,  of  factors  encroaching  on  the 
thoracic  cavity. — Partial  atelectasis. — Volumen  pulmonum 
auctum  and  pulmonary  emphysoTna. —  Regulation  of  the 
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amount  of  air  respired  &y  changes  in  the  mechanism  ofre» 
spiraiion. 

Importance  of  the  air-passages  as  regards  temperature 
and  purity  of  the  respired  air, — PenetrcUion  of  dust  and 
larger  foreign  bodies,  as  well  tis  of  morbid  products,  into 
the  lung, — Sneezing  and  coughing. — Localities  from  which 
the  coughing  ^reflex  m^y  be  set  up,  and  the  conditions  on 
which  it  depends* —  Whooping-cough, — Expectoration. — 
Importance  of  coughing, — Its  consequences  to  the  circulatory 
and  respiratory  apparatus, — Non^occurrence  of  coughing. 

Diseases  of  the  hmg  due  to  inhalation  of  dust, — Anthra- 
cosis,  siderosis,  and  chaUcosis  pulmonum, — Slaty  indura- 
tion, peribronchitis  fibrosa,  cirrhosis  of  the  lung. — Vagus- 
pneumonia  of  the  rabbit, — Pneumonia  in  man,  due  to 
foreign  bodies  and  leading  to  abscess. — Inhalation  ofschizo- 
mycetes, — Putrid  bronchitis. — Dissection  of  infarcts. — PuU 
monary  gangrene, — Tuberculosis, — Other  infective  diseases, 

Ir  the  atmospheric  air  is  to  arrive  in  suitable  quantity  and 
composition  at  the  seat  of  respiration^  t.  e,  the  respiratory 
surface  of  the  Inngs^  it  is  absolutely  necessary  that  the  road 
through  the  air-passages  should  be  unobstructed,  that  these 
canals  should  be  pervious.  However  varied  and  dissimilar 
is  the  anatomical  structure  of  the  different  sections  of  the  re- 
spiratory canal,  these  dissimilarities,  you  are  aware,  exert  no 
influence  on  the  constitution  of  the  air  as  it  passes  ;  so  that 
for  the  purpose  of  our  discussion  we  have  to  consider  chiefly 
whether  in  particular  portions  of  the  respiratory  tube  the 
entire  inspired  or  expired  air-quantum  flows  through,  or  only 
part  of  it,  i.  e,  whether  the  respiratory  tube  is  simple  or  branched. 
It  is,  as  you  know,  branched,  on  from  the  bifurcation  of  the 
trachea,  dividing  at  flrst  into  a  few  large,  and  then  gradually 
splitting  up  into  smaller  and  more  numerous,  canals ;  on  the 
other  hand,  as  far  as  the  termination  of  the  trachea  the  air- 
passage  is  simple  and  undivided.  The  first  section  of  the  air- 
passage,  however,  may  be  said  to  occupy  a  kind  of  peculiar 
position.  For  we  have,  not  one,  but  two  nasal  cavities,  which 
are  normally  both  of  them  utilized  for  the  inspiratory  and  expi- 
ratory stream;  and  we  may  properly  ask,  What  influence  does 
the  narrowing  of  one  of  the  nasal  cavities  exert  on  respiration  F 
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Obstructions  of  the  kind  are  far  from  uncommon ;  tumours, 
fracturos  of  a  turbinated  or  nasal  bone,  indeed  a  severe  catarrh 
with  abundant  tenacious  secretion,  may  greatly  encroach  on 
or  completely  occlude  the  lumen  ;  and  if  under  these  oircum- 
stances  less  air  wore  actually  breathed,  this  would  be  of 
importance,  as  so  much  less  air  would  bo  supplied  to  the 
respiratory  surface.  The  nasal  cavities  are  so  roomy,  how- 
over,  that  each  of  them  can  without  difHculty  permit  the 
entrance  of  the  amount  required  for  the  regular  interchange  of 
gases,  and  there  need  be  no  noticeable  modification  of  breath- 
injy  in  order  to  convey  to  the  lungs  through  a  single  nasal 
cavity  the  same  quantity  of  air  which  usually  enters  throuj 
both.  Still  more,  both  nares  may  be  completely  obstruoti 
and  the  physiological  means  of  access  to  the  air-passages  be 
consequently  closed  without  any  danger  to  the  individual. 
For  when  the  supply  through  the  nose  is  shut  off,  the  mouth 
is  opened ;  and  we  see  people,  with  both  the  nures  pluggi 
on  account  of  profuse  hajmorrhage,  or  with  both  the  noaaV 
kvitios  blocked  by  a  thick  secretion  or  other  cause,  who  con- 
Htiintly  keep  the  mouth  open  day  and  night.  Exco])t  nn  un- 
pleasant feeling  of  dryness  in  the  mouth  and  the  well-known 
alteration  of  the  voice,  strangely  termed  "nasal,"  no  dis- 
advantage attends  this  mode  of  respiration  ;  in  particular,  the 
affected  individual  early  acquires  the  power  of  so  controlling 
and  regulating  the  respiratory  movements  that  there  is  no 
difEcnlty  when  the  mouth  is  employed  in  eating.  Only  in 
children  at  the  breast  does  considerable  difficulty  arise,  so 
that,  solely  on  this  account,  a  violent  and  especially  obstinate 
cold  in  the  head  may  for  such  children  prove  anything  but 
a  trifling  affection. 

The  undivided  section  of  the  air-oanal  commences  with 
the  pharyinr.  From  this  point  on  there  is  no  second  pathi 
for  the  air-stream,  oven  as  a  resort  in  case  of  necessity,  and 
any  factor  which  obstructs  the  passage  through  this  section 
must  necessarily  be  of  considerable  importance  for  the  respi* 
ratory  process.  True,  narrowing  of  the  pharynx  itself,  suffi- 
cient to  absolutely  blook  the  air-stream,  is  only  exceptionally 
met  with.  It  may  sometimes  happen  indeed  that  an  exces- 
sively large  piece  of  food, if  forced  into  the  throat,  becomes  im- 
|uictt'd  iu  the  pharynx,  or  that  in  paralysis  of  the  constrictors. 
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as  already  pointed  out  (70I.  \i\,  p.  15)^  a  mass  Buddealy 
carried  behind  the  velum  cannot  be  transported  farther. 
There  is  then  obviously  an  imminent  danger  of  finffocation. 
In  addition  to  sach  aocidents,  volnminons  tamonrs  are 
the  only  factors  constituting  an  actual  hindrance  in  the 
pharynx  to  respiration.  They  act  precisely  as  do  the  very 
mach  more  conmion  and  therefore  more  important  obstruc- 
tions to  respiration  which  are  situated  in  the  laryiix  and 
irtichea. 

The  frequent  occurrence  of  obstruction  in  these  portions 
of  the  respiratory  canal  is  sufficiently  explained  by  the  com- 
parative narrowness  of  its  lamen^  which  especially  at  the 
glottis  is  necessarily  reduced  to  the  smallest  limits.  Hence 
the  great  danger  attending  the  presence  of  foreign  bodies 
which  have  by  mischanco  become  impacted  in  the  rima,  or 
of  small  ttimourSj  such  aa  are  not  uncommonly  met  with  in 
the  form  of  papillomatous  polypi  or  of  more  compact  and 
solid  growths.  These  tumours  are  most  dangerous  when, 
originating  in  a  vocal  cord,  they  occupy  the  glottis  itself  and 
more  or  less  fill  it  up  ;  but  polypi  situated  a  little  above  or 
below  the  rima  may  also  prove  most  pernicious,  especially 
when  provided  with  a  pedicle  sufficiently  long  to  allow  of  their 
being  forced  against  the  glottis  during  inspiration  or  expi. 
ration.  In  the  lower  half  of  the  larynx  and  in  the  trachea, 
larger  tumours  are  necessary  to  produce  actual  stenosis :  such 
cases  are  not  exactly  frequent,  but  when  they  do  occur  their 
import  is  all  the  more  evil,  as  we  have  usually  then  to  deal 
with  carcinomata  which  have  either  originated  primarily  in 
the  larynx  or  have  penetrated  the  air-passage  from  the 
pharynx  or  a'sophagua.  Tumours  of  neighbouring  organs 
may  alao  produce  narrowing  of  the  larynx,  and  especially 
of  the  trachea,  in  another  way,  namely  by  compression 
from  without.  Among  the  manifold  tumours  of  the  uecki 
goitre  is  that  which  most  frequently  gives  rise  to  such  pres- 
sure, so  much  so  that  the  so-called  HrahhartUfvrtn.  of  the 
trachea  has  long  been  regarded  as  almost  characteristic  uf 
goitrous  patients.  Rose,*  it  is  true,  has  recently  maintained 
that    lateral    compression    of    the    windpipe  is    much    les« 

•  E.  Ro*e,  'A-  f.  klin-  Chirjr/  «5l,  P-  ^  xxvii.  HfL  3.  Vid-  al*o  Mam, 
*  Breal.  iintl.  Ztjch..'  1!^^.  Nu.  23. 
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dangeroQB  than  partial  ftofteyxing  from  preaswe-atrophy,  to 
which  the  cartilaginoas  rings  gradually  snccnmb  nnder  the 
influence  of  the  goitre  ;  for  as  a  result  of  this  softening 
complete  angular  deviation  is  said  to  occur.  This  observation 
is  in  itself  quito  correct.  If  the  larynx  and  trachea  of  a 
person  who  has  long  laboured  under  a  large  goitre,  more 
especially  if  unequally  developed  on  either  side,  be  removed 
post  mortem,  and  tho  attempt  be  made  to  rest  it  on  the 
larynx  as  base,  the  trachea  usually  bends  over  almost  at  a 
right  angle  to  one  side  at  the  level  of  the  first  cartilaginous 
ring,  while  a  normal  trachea  remains  straight  and  perpendi- 
cular. At  the  bend,  the  cartilaginous  rings  feel  quite  soft 
and  inelastic,  without  our  being  able  as  yet  to  say  exactly 
on  what  this  change  of  consistence  depends,  A  disappear- 
ance of  the  cartilages  is  certainly  out  of  the  question  ;  indeed, 
I  have  found  them  no  thinner  than  the  rings  which  have  re- 
tained their  normal  powers  of  resistance,  so  that  most  likely 
we  have  to  deal  here  with  a  chemical  change  in  the  inter- 
cellular substance  of  the  cartilage.  Moreover,  there  can  be  no 
doubt  that,  as  tho  result  of  this  "  flaccid  softening,"  so  cullod 
by  Rose,  a  sudden  bulging  inward  of  the  wall  of  the  tube  may 
occur  intra  vitam,  if  the  head  be  incautiously  moved,  and 
especially  if  it  bo  allowed  to  fall  through  muscular  feebleness; 
and  the  deaths  which  have  often  been  observed  after  tho 
extirpation  of  a  goitre,  accompanied  by  the  most  obvious 
signs  of  suffocation,  are  naturally  explainable  by  this  fact. 
Nevertheless,  however  valuable  the  recognition  of  goitrous 
softening  of  tho  cartilage,  it  would  be  unjustifiable  completely 
to  ignore  the  importance  of  the  long-known  compression  of 
the  trachea  in  goitre.  The  sword-sheath  trachea  ia  un- 
doubtedly more  or  less  narrowed  as  compared  with  tho 
normal,  and  the  narrowing  is  greater  when,  as  in  the  case  of 
imilateral  goitres,  there  occurs  in  addition  a  bowing  of  the 
organ  to  one  side. 

The  lumen  of  any  part  of  the  larynx  or  trachea  may  bo 
narrowed  by  callous  cicatricial  strictures,  such  as  sometimes 
result  from  wounds  or  operations,  occur  after  lupus,  and  most 
frequently  of  all  in  consequence  of  syphilis.  It  is  obvious 
that  such  obstacles,  also,  will  prove  most  dangerous  if  situated 
in  the  region  of  the  rima  glottidis ;  yet  the  importance  of 
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thin  nHtTow  channel  beoomes  much  more  strikingly  apparont 
»H  ttcute  inffamtnattoyis  of  the  upper  air-passages.  In  chil- 
dren, the  symptoms  of  marked  stenosis  of  the  glottis  may 
develop  even  during  the  coarse  of  an  ordinary  catarrhal 
larynpfitis,  either  as  the  result  of  considerable  swellinfj  of  the 
mucous  membrane  or  owing  to  the  occasional  accumulation 
of  secretion  about  the  rima.  The  attacks  usually  take  place 
at  night,  and  though  as  a  rule  they  quickly  pass  off,  they 
commonly  give  rise  to  no  little  anxiety  on  the  part  of  the 
child's  friends,  owing  to  a  certain  resemblance  to  the  sym- 
ptoms of  true  croup.  Very  much  more  important  than  those 
attacks  of  so-called  pseudo-croup  is  true  croupmuf  or  diph' 
theHtii^  laryngitis,  the  membranes  produced  in  which  may 
give  rise  to  extreme  narrowing  or  even  complete  occlusion  of 
the  rima,  not  merely  in  children  but  in  adults.  While  in 
laryngeal  croup  it  is  the  exudation  that  blocks  the  air-pas- 
sage, in  a  second,  if  possible  still  more  dangerous  form  of 
acute  inflammation — so-called  wdevia  glottidi^  or  phlcgmono 
laryngis — the  same  effect  is  produced  by  the  great  swelling 
caused  by  the  inflammatory  infiltration  of  the  mucous  and 
submucoustissues.  Thesituation  of  this  inflammatory  CEdema, 
or  of  this  phlogmoUj  is  usually  the  whole  of  the  aditns  laryn- 
gis  ;  sometimes  the  mucous  membrane  of  the  epiglottis  and 
of  the  glosso-epiglottidean  or  of  the  aryteno-opiglottidean 
folds  is  swollen  into  large  projections,  at  another  time  the 
swelling  involves  more  the  arytenoid  cartilages  thcmRelves 
and  the  false  or  true  vocal  cords,  at  a  third  all  these  parts 
are  implicated  together  :  but  as  regards  the  impediment  to 
the  entrance  of  air,  no  esBeutial  difference  results  from  these 
slight  local  variations.  In  the  lower  portions  of  the  larynx 
and  in  the  trachea,  actual  stenosis  is  never  occasioned  by 
acute  inflammatory  processes  ;  nnless,  indeed,  we  inclnde 
hero  the  rfrntrth  of  gran-utationat  snch  as  sometimes  project  into 
the  windpipe  from  a  healing  tracheotomy  wound,  and  may, 
it  is  true,  attain  the  size  and  importance  of  small  tnmonrs. 
The  peculiar  position  of  the  glottis  in  the  upper  air-pi^ssaf 
is  owing,  not  bo  mnoh  to  its  narrow  calibre,  as  to  the  oircni 
stance  that  the  air-inhr.  w  hf^f.  very  far  from  remaining  con- 
stant and  equal  in  the  diameter  of  its  lumen,  but  is,  on  tho 
contrary,  extremely  variable  in  tcidth.     The  shape  of  the  rinm 


PAEA  LYSIS   OP  OLOTTIS-OLOSEBS, 


905 


is  controlled  by  the  action  of  muscles,  of  which,  as  you  know, 
tliero  are  two  kinds,  openers  and  cloaera,  the  poatorior  crico- 
arytenoid  muscles  and  their  antagonists,  tho  lateral  crico- 
arytenoid, the  thyro-arytenoid^  and  the  arytenoid ;  all  these 
'e  supplied  by  different  twigs  of  the  recurrent  laryngeal 
lervo.  While  it  is  essential  to  phonation  that  the  rima  glot- 
tidis  should  be  completely  closed  in  its  posterior  section,  and 
reduced  U)  a  narrow  slit  in  its  anterior  vocal  part,  the  regular 
process  of  respiration  depeudH,  ou  the  contrary,  on  the  glottis 
being  open.  During  free  normal  breathing  the  rima,  as 
you  know,  stands  widely  open ;  yet  complete  bilateral  para- 
lysis of  the  recurrent  laryngeals  in  no  way  hampers  respira- 
tion, because  wlien  the  muscles  of  the  vocal  cords  are  all  of 
them  paralysed  the  glottis  remains  immovably  fixed  in  the 
position  aasumed  by  it  in  the  dead  body,  i.  c.  it  forma  a  toler- 
ably widely  gaping  fissure.  Impediments  to  respiration  may 
rutlier  be  tho  result  cither  of  inaction  of  the  glottia-openors 
or  of  an  abnonnally  strong  and  persistent  action  of  tho 
closers.  Tho  latter,  tho  abnormal  activity  of  the  closers,  is^ 
a«  may  easily  bo  perceived,  the  really  dominating  element 
in  the  case  ;  for  paralysis  of  the  openers  leads  to  a  narrowing 
of  the  rima  only  when  their  antagonists  have  become  tonic- 
ally  contracted  and  thus  permanently  obtained  the  prepon- 
derance. Ucnco  it  may  be  doubted  whether,  as  is  often 
assumed,  an  acute  paralysis  of  the  glottis-openers  as  tho  result 
of  iuQammatory  oedema  in  croup  still  further  enhances  tho 
danger  of  stenosis  of  the  rima.  But  if  this  is  doubtful,  we 
are  the  more  certain,  as  the  result  of  fairly  numerous  obser- 
vations, as  to  tho  perios  of  symptoms  occurring  in  isolated 
bilateral  paralyses  of  the  pottiicij  in  which  the  glottis  forms  a 
narrow  elit,  allowing  of  resounding  aud  strong  phonation, 
yet  in  deep  inspiration,  for  reasons  presently  to  be  discussed, 
not  only  does  not  dilate,  but  contracts  still  more.  Paralysis 
of  the  postici  is  only  exceptionally  myopathic  in  its  nature, 
yet  in  but  few  cases  have  we  succeeded  in  discovering  tho 
cause  of  the  paralysis  of  this  particular  branch  of  the  recor- 
rout  nerve.  Wc  are  no  better  situated  in  this  respect  in 
fhat,  if  you  will,  may  be  regarded  as  the  directly  opposite 
fcctiou — stenosis  of  the  glottis  due  to  n^tcism  of  the  glottis- 
closars.    That  the  closure  so  promptly  following  the  inlialation 
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of  chlorine,  iLe  faxuea  of  ammoiiia,  Lydrochloric  acid,  and  otfaor 
irrespirable  gaees,  which  is  also  caused  by  coDtact  with  the 
%'oca1  cords,  and  which  initiates  the  expulsive  efforts  in  cough- 
ing— that  this  closnre  is  nothing  but  a  reflex  action  it  is  impos* 
Bible  to  doubt.  We  have  not  therefore  explained,  however, 
that  much-discussed  disease,  to  which, amongst  very  numerous 
titleSj  the  designations  asthma  thymicum  and  especially  ftpaa- 
?»ttw  ghttidui  have  been  most  widely  applied.  For  this  dis- 
ease is  characterised  by  the  fact  that  paroxysms  of  spasm  of 
the  glottisappoar  iu  the  absence  of  all  the  canseswhich  usually 
set  np  reflex  contraction  of  the  glottis-closers.  As  an  inde- 
pendent affection,  laryngismus  occurs  exclusively  during  the 
age  of  childhood,  while  adnlts  are  liable  only  to  hysterical 
attacks  of  glottis  spasm.  Of  the  children  affected,  the  very 
great  majority  are  rachitic,  and  in  cases  of  true  asthma  thy- 
micum, where  I  have  had  the  opportunity  of  making  post- 
mortem examinations,  I  have  always  found  marked  hyper* 
jilania  of  the  thyinuHf  in  ono  case  of  recent  occurrence  so 
considerable  that  it  gave  rise  to  atelectasis  of  extensive  sec- 
tions  of  the  left  lung.  Nevertheless,  good  observers  hai 
repeatedly  failed  to  detect  this  enlargement  of  the  thymus; 
As  for  the  larynx  itself  and  the  vagi,  in  particular  the  recur- 
rent laryngeals,  no  definite  and  explanatory  alterations  have 
been  observed,  despite  the  most  diligent  search ;  rather,  in 
uncomplicated  cases,  these  parts  have  appeared  quite  normal. 
We  have  therefore  at  present  no  alternative  but  to  assumo^ 
the  existence  of  an  exalted  irritability  of  the  vagi,  or  at  leaat 
of  their  laryngeal  branches,  a  so-called  neuroHU,  in  the  chil- 
dren affected — an  assumption  with  which  the  often-observed 
hereditary  predisposition  of  several  members  of  the  same 
family  is  in  perfect  tvccordanco. 

But  whichever  of  these  very  different  factors  may  be  con- 
cerned, iht  miirnixce  of  air  irill  nrrfsttarily  hti  impedni  in  con- 
in'.qiwnce,  though  in  a  very  unequal  degree,  it  is  true.  Some 
of  these  factors,  e.j/.  a  large  foreign  body  impacted  in  the  rima, 
a  thick  croupous  membrane  covering  tlte  vocal  cords,  a  vio- 
lent spasm  of  the  glottis,  a  rectangular  bend  in  the  traohoa, 
are  of  such  a  character  that  the  nir-stream  is  not  simply 
obstructed,  but  absolutely  arrested.  Since,  howevw, 
involves  nothing  more  or  less  than  the  complete  cesaaLlon 
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of  respiraiiou,  I  need  hardly  eaj  that  eaoh  an  obstacle,  if 
it  peruiat  even  for  a  few  minutes  and  no  other  cntranco  be 
opened  for  the  air,  must  of  necessity  bring  about  d^fxih  by 
tniffocaiion.  Not  so  when  the  windpipe  is  merely  narrowed, 
not  occluded  ;  air  now  continues  to  enter  the  lunga,  but  in 
loBS  than  normal  quantity,  the  amount  being,  cspieris  paribus ^ 
small  in  proportion  to  the  magnitude  of  the  obstacle.  Trao, 
one  might  be  disposed  to  think  that  death  by  asphyxia  could 
in  this  way  be  postponed,  though  not  prevented, — supposing, 
that  is,  that  each  inspiration  conveys  a  certain  quantity  lesa 
air  into  the  lungs  than  is  necessary  to  replace  the  air  already 
renpired.  And  yet  individuals  with  a  compressed  trnchea, 
a  tumoar  of  the  larynx,  or  bilateral  paralysis  of  the  postici 
may  live  for  weeks  or  months  ;  even  the  majority  of  children 
who  sicken  with  laryngeal  ci*oup  pass  happily  through  tho 
disease  without  the  necesaity  for  tracheotomy  ;  and  if  in  a 
rabbit,  or  better  still,  a  dog,  you  introduce  into  the  trachea  a 
cauunla  provided  with  a  moveable  cock,  and  then  dimininh  the 
lumen  so  as  to  leave  a  very  small  aperture,  the  animal  does 
not  die  during  the  next  few  hours  or  days.  Rather  the 
operation  is  followed  by  something  of  a  very  different  nature, 
namely  an  essential  modification  of  respiration.  You  see  the 
rabbit  at  once  begin  to  breathe  with  effort^  the  moment  I,  by 
a  quarter-tarn  of  the  cock,  reduce  the  lumen  of  the  cannula  to 
half ;  the  nostrils  expand  strongly,  the  mouth  is  opened,  the 
be&d  thrown  upwards  and  backwards,  the  spine  straightened, 
Mid  while  previously  you  could  only  detect  very  slight  movu- 
menti  of  the  flanks  in  the  qnietly  breathing  animal,  you  now 
observe  very  striking  up  and  down  movements  of  the  thorax. 
Ail  this  may  bo  the  more  easily  noticed,  a«  the  number  of 
reitpiraiionB  is  very  con^dorably  reduced  ;  the  rabbit  which, 
while  it  sat  quiet  and  breathing  freely,  respired  twonty-eix 
times  in  a  quarter-minute,  now  makes  in  the  same  space  only 
twelve  laboured  respirations. 

The  breathing  of  human  l)eings  with  stenosis  of  the  larynx 
or  trachea  conforms  completely  to  the  foregoing  type.  The 
reflpirations  are  considerably  reduced  in  number,  they  are 
effocted  with  effort  and  labour,  and  by  the  aid  of  muscles 
which  are  not  employed  in  ordinary  free  breathing  ;  at  the 
same  time  the  passage  of  the  air  through  the  narrowed  lumen 
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gives  rise  to  a  hissing  or  sawing  noises  often  audible  at  a  dis- 
tance, wliich  is  termed  stridor  by  the  clinicians.  The  details 
of  the  picture  differ,  it  is  true,  according  as  inspiration  or 
esepiration  or  both  together  are  impeded  by  the  stenosis.  On 
fitting  to  the  tracheal  cannula  of  our  rabbit  a  valve  so  con- 
structed as  to  lie  during  inspiration  in  front  of  the  external 
orifice  of  the  free  limb  of  the  cannula,  and  to  be  easily  thrown 
back  during  expiration,  you  at  once  see  that  the  inspiration 
is  prolonged  and  laboured  in  a  high  degree ;  the  expiration, 
on  the  contrary,  short  and  absolutely  unattended  with  effort. 
But  if  the  valve  works  in  an  opposite  direction,  constituting 
an  obstacle  to  expiration  while  inspiration  remains  free,  yon 
notice  a  rapid  and  easy  inspiration  followed  by  a  laboured 
and  prolonged  expiration.  If,  lastly,  I  diminish  the  lumen  of 
the  trachea  by  surrounding  it  with  a  wire  ring  so  as  to  leave 
only  a  very  narrow  opening,  the  effort  in  each  phase  of  re- 
spiration is  equally  intense.  It  is  the  same  in  human  beings. 
If  a  polypus  with  a  long  pedicle  or  a  flapping  croupous  mem- 
brane be  situated  beneath  the  glottis,  and  is  thrown  by  the 
expirations  against  the  under  surface  of  the  vocal  cords,  the 
easy  and  absolutely  effortless  inspiration  is  followed  by  a 
long  and  noisy  expiration,  in  which  the  abdominal  muscles 
contract  energetically  and  the  spinal  column  is  bent  for- 
wards. An  vnspiratory  dyspnoea  is  still  more  commonly  ob- 
served in  stenosis  of  the  upper  air-passage  than  this  expira- 
tory form ;  e.g.  in  ordinary  cases  of  spasm  of  the  glottis ; 
when  pedunculated  polypi  or  croup  membranes  are  situated 
above  the  glottis;  in  oedema  glottidis,  wherethethickswellings 
formed  by  the  aryteno-epiglottidean  folds  come  to  lie  during 
inspiration  in  front  of  the  rima ;  and  especially  in  paralysis 
of  the  postici,  in  which  the  non-resisting  vocal  cords  are 
in  a  sense  sucked  together  by  the  inspiratory  rarefaction  of 
the  air  in  the  tubes,  and  the  rima  is  still  more  narrowed 
than  is  usually  the  case  under  these  circumstances.  Here  the 
expirations  are  short  and  noiseless,  and  the  inspirations  pro- 
portionately laboured.  In  addition  to  the  ordinaxy  inspira- 
tory muscles — the  diaphragm,  the  scaleni,  and  the  intercostals 
•^accessory  muscles  now  come  into  action,  first  the  serrati 
postici  and  levatores  costarnm,  then  the  stemo-cleido-mastoidsj 
pectorals,  serrati  antici>  lastly  the  erector  moaclesof  the  spine. 
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and  when  the  stenosis  is  extreme  the  mnsclos  extending  from 
the  trunk  to  the  shoulder  and  arm  ;  prior  to  this  the  levatores 
alas  nasi,  the  stemo-thyroidB,  and  eterno-hyoids  have  begun 
to  contract.  The  alaD  nasi  dilate,  the  neck-muscles  grow  so 
tense  that  their  contours  are  sharply  defined,  the  larynx  and 
trachea  sink  downwards,  the  spinal  coluoin  is  straightened 
ont,  the  shoulders  and  arms  firmly  planted  to  secure  the  ut- 
most possible  enlargement  of  the  thorax  ;  and  these  long  cou- 
tinued,  anxious,  and  torturing  inspirations  are  accompanied 
by  a  loud  hissing  or  whistling  noise.  At  the  height  of  the 
croup,  or  when  the  oedematous  swelling  of  the  aryteno-epi- 
glottidean  folds  and  region  of  the  glottis  has  become  so  ex- 
cessive that  the  expiratory  stream  cannot  readily  force  the 
former  asunder^  inspiration  and  expiration  are  equally  pro- 
longed, forced,  and  noisy  ;  the  same  holds  true  when  large 
foreign  bodies  become  impacted  in  the  rima  ;  and  if  in  stenosis 
of  the  trachea  due  to  cicatrices  or  to  compression,  the  evi- 
dences of  such  striking  and  extreme  dyspnosa  do  not  nsnally 
appear,  this  is  due  to  the  fact  that  the  obstructions  so  occa- 
sioned usually  remain  within  moderate  bounds.  If,  excep- 
tionally, the  encroachment  on  the  space  is  considerable,  the 
same  stormy  phenomena  are  present,  and  in  particular  one 
must  here,  as  in  all  stenoses  of  the  upper  air-passage,  be  pre- 
pared for  the  fact  that  the  ordinary  symptoms  will  now  and 
then  be  interrupted  by  very  threatening  paroxysms  of  dyspnoea. 
There  is  no  difficulty  in  explaining  these  remarkable  alte- 
rations in  the  modus  of  respiration  which  so  constantly  and 
promptly  set  in  on  narrowing  of  the  upper  air-pasBage.  When, 
in  consequence  of  a  considerable  narrowing  of  the  undivided 
section  of  the  air-canal,  the  amount  of  air  arriving  in  the 
longs  falls  below  the  standard  which  is  indispensable  for 
the  maintenance  of  the  oxygen  contents  of  the  air  in  the 
alveoli  at  the  amount  necessary  to  regular  respiration,  the 
artcrialisation  of  the  blood  cannot  take  place  as  usual,  and 
blood  enters  the  medulla  poorer  io  oxygen  and  richer  in  car- 
bonic acid,  in  a  word  more  venous,  than  normal  arterial 
blood.  This  venous  blood,  however,  is  a  vigorous  exciter  of 
the  rcspinitory  centre,  which  responds  to  the  stimulus  thus 
produced  by  increased  innervation  of  the  respiratory  nerves 
and  muscles,  %.  e.  by  dyapnaa.     The  breathing  is  dyspnoric 
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when  the  number  of  reapirations  taking  place  in  the  unit  of 
time  considerably  exceeds  tlie  normal,  and  also  wlien  the 
single  respirations  are  deeper  than  usual  and  carried  out  ujtth 
the  kelp  of  accessory  muscles;  still  more  will  this  be  the  case 
when  both  changes,  angmented  frequency  and  deepening  of 
the  respirations,  occur  simultaneously, — an  effort,  it  is  true, 
which  the  organism  is  not  capable  of  making  for  an  un- 
limited time.  Which  of  these  modes  will  be  adopted  in  order 
to  augment  the  respiratory  movements,  depends  essentially 
on  the  cause  exciting  the  dyspnoea,  or  on  how  far  the  nerves 
which  control  the  rhythm  of  respiration  are  influenced  by 
the  latter.  Here  we  are  at  once  face  to  face  with  a  me- 
chanism of  the  greatest  importance  for  the  whole  pathology 
of  respiration,  which  has  been  termed  by  its  discoverers 
Hering  and  Breuer,*  the  "  self-steering  "  of  the  respiration 
by  the  vagus.  In  studying  physiology,  yon  have  witnessed 
the  elegant  experiments  by  which  it  is  demonstrated  in  the 
most  striking  way,  that  when  the  volume  of  the  lung  is 
angmented,  expiratory  stimuli  reach  the  respiratory  centre 
through  the  vagi,  and  that  when  the  volume  is  diminished 
inspiratory  stimuli  are  similarly  carried ;  so  that,  if  the  vagi 
are  intact,  each  expansion  of  the  lung  inhibits  inspiration 
and  furthers  expiration,  while,  on  the  other  hand,  each 
diminution  in  bulk  of  the  organ  puts  a  stop  to  expiration 
and  at  once  calls  forth  an  inspiration.  On  this  "  self-steer- 
ing "  power  depends  the  ordinary  regular  rhythm  of  our 
breathing ;  without  it,  inspiration  would  not  follow  directly, 
without  any  interval,  on  expiration,  and  without  it,  also, 
inspiration  would  not  be  succeeded  by  expiration  long  before 
the  total  inspiratory  energy  is  used  up.  Unprovided  with 
this  mechanism,  we  should  always  breathe  dyspnoeically,  as 
may  in  fact  be  observed  in  a  rabbit  both  of  whose  vagi  are 
divided.  It  is  at  once  obvious,  therefore,  how  important  it 
is  for  respiration  that  the  expansion  or  diminution  of  the 
Inngs  should  proceed  toitkout  any  impediment.  For  if  it  be 
true  that  the  expansion  of  the  lungs  puts  a  stop  to  inspira- 
tion, and  their  diminution  to  expiration,  it  follows  logically 

•  Breaer,  'Wien.  akad.  Stzgab./  Bd.  Iviii,  Abtb.  a.Nov.,  i8ti8.  Cf.  G«d, 
'A.  f.  FbjBiol./  1880,  p.  I;  Langendorff,  ibid.,  1879,  SnppU  p-  48; 
J.  Bosentbal,  ibid.,  1880,  SnppU  p*  34i  1881,  p.  39. 
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tliat  any  obstacle  to  either  pliase  muBt  have  the  effect  of 
prolonging  it.  Precisely  this  it  is  that  is  observed  in  the 
rabbit  and  also  iu  humau  beings  with  narrowing  of  the  upper 
air-passages  ;  if  the  obstacle  causes  any  difficulty  of  inspira- 
tion, the  latter  is  extended  and  prolonged ;  if^  on  the  con- 
trary, the  expulsion  of  air  is  impeded,  the  result  is  long 
drawn,  laboured  expirations.  With  the  dyspnoea  itself,  i.e, 
the  reaction  of  the  respiratory  centre,  this  change  of  rhythm 
of  the  respiratory  movements  has  at  bottom  nothing  to  do  ; 
the  prolongation  of  the  particular  respiratory  phase  appears 
at  once  on  the  establishment  of  the  impediment,  before  any 
dyspnoea  whatever  has  developed.  In  this  reflex  mechanism, 
however^  must  be  sought  the  determining  cause  of  the  fact 
that  in  utertoses  of  the  up^ier  airpatiftaxfes  the  dysptuxa  exprettseif 
iUtflf  in  protracted  and  deepened,  and  hence  lean  frequent  re- 
tpiratioiut. 

Hero,  too,  as  in  so  many  other  sections  of  our  scioncoj 
we  observe  mechanisms  brought  into  action  under  patholo- 
gical conditions  which  are  calculated  to  diminish  or  even  to 
compensate  the  disadvantages  accruing  from  these  conditions, 
and  which  we  are  therefore  fully  juBtified  in  t^^rming  "  regu- 
lative." I  have  already  stated  that,  in  the  absence  of  an 
inoroase  of  respiratory  activity,  the  narrowing  of  the  upper 
air-passages  must  rapidly  lead  to  the  extinction  of  respiration  ; 
and  it  is  no  less  obvious  that  under  such  circumstances  a 
simple  increase  of  the  frequency  of  the  respirations  would  be 
of  no  service  to  the  organism.  It  is  necessary  above  all  that 
a  prolongation  of  the  respirations  should  occur  in  order  that 
as  much  air  may  pass  the  narrow  aperture  as  nsualty  enters 
by  the  physiological  one,  and  next  that  the  respirations  should 
bo  Pi&re  vigorous  in  order  lo  overcome  the  impediment,  the 
abnormal  resistance.  That  an  actual  regulatum  of  the  dis- 
turbances produced  by  stenosis  of  the  npper  air-passagos  is 
brought  aboQt  by  the  change  described  in  the  mode  of  respi- 
ration has  been  shown  by  H.  Kcihler,  in  an  interesting  series 
oE  experiments.  Animals,  the  lumen  of  whose  trachea  he 
could  St  will  diminish  by  means  of  a  leaden  wire  placed  around 
it,  were  caused  to  breathe  from  an  air-receptacle  resem- 
bling a  spirometer,  in  which  the  air,  as  exhausted,  was  re- 
•  Kohltr,  'A.  f. Mper,  PathoL,*  tii,  p.  i. 
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placed  by  water  flowing  after  it  ;  and,  as  the  result,  he  fonnJ, 
without  exception,  that  considerably  more  air  was  taken  into 
the  lungs  with  every  prolonged  and  laboured  inspiration  than 
is  ordinarily  taken  daring  the  normal  inspirations  with  the  air- 
passages  unobstructed.  And  this  augmentation  of  the  amount 
respired  was  so  considerable  that,  in  the  unit  of  time,  nearly 
as  much  air  as  in  free  respiration  was  breathed  in  by  rabbits, 
and  a  not  inconsiderahly  greater  quayitily  hy  caU  and  dogt. 
Such  being  the  sUte  of  affairs,  it  need  excite  no  surprise  that 
animals  with  a  very  oou&iderable  stenosis  of  the  trachea  mftj 
continue  in  excellent  health  for  weeks,  although  their  respi- 
ration is  constantly  dyHpo(jeic  and  their  demand  for  oxygen, 
owing  to  the  forced  respiratory  movements^  even  exceeds  that 
of  animals  breathiug  normally,  lliis  excess  is  just  covered 
by  their  deepened  inspirations,  and  so  it  comes  about  that 
the  nutrition  of  the  animals,  their  temperature  and  entire 
metabolism,  are  long  maintained  within  perfectly  normal  limits. 
Determinations  uf  I  he  amount  of  air  respired  by  human  beings 
Buffering  from  stenoses  of  the  upper  air-passages  have  not, 
so  far  as  I  knoWj  been  made  as  yet ;  but  such  persons  can 
evidently  bo  no  worse  off  in  this  respect  than  are  the  animals 
experimented  on.  At  any  rate  many  persons,  the  subjects  of 
goitre,  suffer  for  years  from  stenosis  of  the  trachea  without 
any  prejudice  to  their  other  functions  and  nutrition,  in  spite 
of  the  persistent  though  moderate  dyspnoea ;  and  when,  as 
the  result  of  bilateral  paralysis  of  the  postici,  marked  dyspnooa 
hfts  developed,  many  months  may  pass  during  which  the 
general  state  of  the  patient  is  fairly  good.  True,  one  point, 
which  will  shortly  be  discussed  more  thoroughly,  must  be  taken 
into  consideration  hero,  namely  fhc  varying  artwunt  of  the 
ospygen-demand.  Such  patients  very  soon  learn  to  limit  as  far 
as  possible  their  need  for  air,  and  while  their  condition  la 
tolerable  when  all  physical  exertion  is  avoided  and  their  habits 
are  quiet  and  temperate  in  all  respects,  any  departure  from 
this  mode  of  life  easily  brings  about  the  danger  that  the 
respiratory  apparatus  may  be  no  longer  able  to  satisfy  the 
excessive  need  for  oxygen,  in  which  esse  they  pay  for  their 
imprudence  by  attacks  of  severe  dytipnoea,  often  amounting 
to  ortbopDcna. 
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From  the  hifurcalion  of  the  trachea  downwards,  the  condi- 
tions are  more  complicated.  Above  this  point  every  factor 
which  obstructs  the  passage  at  any  particular  spot  must  necea- 
sarilj  influence  respiration  through  the  whole  extent  of  both 
lungs  ;  but  within  the  bronchial  tree,  one  or  even  a  large 
number  of  branches  may  be  narrowed,  or  even  fully  occluded, 
withonc  any  prejudice  whatever  to  the  entrance  of  air  into  the 
remaining  bronchi.  For  a  pathological  process  occurring  in 
the  bronchi  to  have  the  effect  of  a  stenosis  of  the  trachea,  it 
in  uecesBary  that  all  the  tubes  of  the  same  united  sectiouul  area, 
orthe  greater  number  of  them,  should  be  affected.  With  such 
B  process  we  are  acquainted  in  tetanic  contraction  of  the  small 
hronchi,  which,  at  least  in  very  many  instances,  constitutes  the 
cause  of  ao-called  asthvxa  hranchiale.  Whether  this  title  is 
fairly  applicable  to  everything  at  present  included  under  it,  is 
questionable  enough,  aud  I^  at  least,  am  not  at  all  disposed  to 
disput-e  that  a  tonic  contraction  of  the  diaphragm  may  be  at 
the  bottom  of  many  of  these  attacks  uf  asthma.  But  to  com- 
pletely deny  for  this  reason,  as  Wintrich*  and  Bamberger! 
have  dune,  the  occurrence  of  spasm  of  the  bronchi,  I  hold  to 
be  qnite  unjustifiable.  The  physiological  posMbility  of  ft 
nArrowing  of  the  small  and  smallest  bronchioles  by  tho  con- 
traction of  their  muscles,  which  was  held  by  many  persons  to 
be  impossible  on  the  evidence  of  inadequate  experiments,  can- 
not at  present  be  disputed  in  the  light  of  the  exact  and  posi- 
tive researches  of  L.  GerlachJ  and  Mac  Gillavry;^  moreover, 
the  increase  of  pressure  determined  to  occur,  by  these  authors, 
in  the  trachea,  owing  to  the  contraction  of  the  bronchioles  on 
direct  or  reflex  irritation  of  the  vagi,  was  sufficiently  great  to 
make  it  necessary  that  we  should  not  underestimate  the 
amunnt  of  resistance  thus  occasioned.  The  paroxysms  of 
dyspnoea  which  so  often  occur  in  old  cases  of  emphysema,  or 
in  people  with  bronchial  catarrh,  are  ordinarily  caused,  it  is 
certain,  by  spasm  of  the  bronchi,  reflexly  set  up  from  the  in- 
flamed mucous  membrane.    But  the  typical  paroxysms  of  true 

•  Wintrich,  in  Virchow'i  *Hftndb./  v,  i,  p.  198. 

t  ikmb«rK«r.  *Wurzb.  med.  Zeitwhr./  ri.  Hft.  1.  a. 

X  h  ti^rlach,  *  Pfliig.  A.,'  tiii,  p.  49i,coDtaiiu  the  older  literature  on  thi« 

§  Jkl«r  GilUvf^, '  Arclt.  N(ferlftiid.  d.  sciences  nU./  xil,  No.  5. 
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"essential"  bronchial  asthma,  which  is  differentiated  from  the 
"symptomatic"  form  by  the  fact  that,  during  the  intervab 
between  the  paroxysms,  the  respiratory  organs  behave  as  in 
health,  are  also  nsoally  called  forth  in  a  reflex  manner.     The 
stimulus  thereto  may  proceed  from  the  most  different  organs 
possible,  and  need  not  be  of  any  special  character  or  intensity; 
on  the  contrary,  the  most  remarkable  feature  of  the  malady  is 
that  numerous  irritants,  which  in  a  normal  subject  would  pro- 
duce no  effect  whatever,  give  rise  in  the  asthmatic  to  more  or 
less  violent  paroxysms.    It  is  hard  to  say  on  what  this  inreased 
excitability  of  the  vagi  depends,  although  the  extremely  fre- 
quent inheritance  of  bronchial  asthma  makes  it  likely  enough 
that  at  least  in  these  cases  constitutional  anomalies  of  conge- 
nital origin  are  at  work.     Since  it  was  discovered  by  Leyden* 
that  the  sputum  of  the  asthmatic  almost  constantly  contains  the 
same  microscopic  octahedra  which,  occurring  in  other  locali- 
ties, have  long  been  known  as  Charcot's  crystals  (cf.  vol.  i,  p. 
489),  the  idea  has  been  expressed  that  the  presence  of  these 
pointed  bodies  in  the  bronchi  may  keep  up  a  continuous  irri- 
tation, with  temporary  exacerbations,  of  the  nerve-termina- 
tions in  the  mucous  membrane.     To  lay  stress  on  the  scanty 
sputam  in  which  the  crystals  are  expectorated  towards  the 
end  of  the  paroxysm,  and  hence  to  pronounce  the  entire  pro- 
cess to  be  a  catarrhus  acutissimus,  as  has  been  done  by  Traubef 
and  quite  recently  by  Frantze],|  certainly  appears  to  me  to 
be  scarcely  justified.     An  inflammation  which,  although  it 
may  be  a  superficial  one,  extends  in  a  few  minutes  over  the 
entire  air-passages,  and  in  that  time  reaches  its  climax,  is 
quite  unknown  in  the  rest  of  pathology  ;  and  if,  during  the 
paroxysm  of  asthma,  a  hypersemic  swelling  of  the  bronchial 
mucous  membrane  accompanied  by  a  secretion  actually  takes 
place,  it  is  more  natural  to  attribute  this  to  a  vaso-dilator 
neurosis  associated  with  the  spasm.     The  nature  of  the  re- 
spiratory disturbance  brought  about  by  the  bronchial  spasm 
is,  at  any  rate,  not  altered  by  the  accompanying  swelling ; 
rather  its  original  tendency  is  intensified  by  the  swelling.      I 
have  already  stated  the  manner  in  which  the  general  spasm. 

•  Lejdent '  Vireh.  A.,'  liv,  p.  334. 

t  Traube, '  Ges.  Abhandl./  iii  (Frankera  edition),  p.  616. 

}  Fzantiel,  *  (NeoQ)  Charit^-Annftlan,'  iv. 
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of  the  bronchi  influences  the  respirations ;  it  acts  just  as  does 
stenosis  of  the  trachea,  bat  with  one  important  difference,  it 
18  true.  In  stenosis  of  the  trachea  the  narrowing  is  situated 
outside  the  thoraXj  but  in  bronchial  spasm  within  it,  and  there- 
fore within  the  area  which  is  exposed  to  the  pressure  of  the 
expiratory  muscles.  It  follows  from  this^  as  explained  by 
Biermer^  with  convincing  clearness,  that  the  increase  of  the 
expiratory  pressure  is  very  far  from  aiding  in  overcoming 
the  obstacle  in  the  bronchioles.  Rather  the  same  forced 
expiration  which  propels  the  air  through  the  narrowed  por- 
tion of  the  trachea  is  even  capable  of  still  further  reducing 
the  spasmodically  contracted  small  bronchi,  and  can  thus 
render  them  less  pervious  than  before.  But  if  this  be  so, 
both  phases  of  respiration  must  be  impeded  by  the  bronchial 
spasm^yet  expiration  considerably  more  than  inspiration.  And 
so  it  happens  in  fact.  During  the  asthmatic  attack  the  in- 
spirations  are  also,  it  is  true,  prolonged,  laboured,  and  noisy, 
but  this  is  true  in  a  much  higher  degree  of  expiration,  during 
which  the  patient,  groaning  loudly,  attempts  to  reduce  the 
cavity  of  the  thorax  by  means  of  violent  contractions  of  all 
the  expiratory  muscles.  The  resistance  which  the  contracted 
bronohi  oppose  to  the  emptying  of  the  alveoli  is  in  fact  so 
great  that  the  diaphragm  is  unable  to  arch  itself  as  usual,  and 
remains  throughout  the  whole  attack  at  its  low  level. 

Such  extreme  dyspncea  occurs  only  exceptionally  in  hron* 
chiti»f  whether  the  iriinple  catarrhal  form — one  of  the  very 
oommonest  diseases,  you  are  aware — or  the  much  less  frequent 
Jihrinoits  or  croupous  variety,  which  is  observed  in  connection 
with,  or  as  a  continuation  downwards  of,  laryngeal  croup  ;  aa 
an  independent  affection  with  the  larynx  intact ;  and,  in  a  few 
oasea,  as  the  undoubted  effect  of  the  rupture  of  a  softened 
caseous  lymphatic  gland  into  the  trachea  or  a  bronchns. 
llie  lumen  of  the  bronchial  tubes  must,  it  is  true,  be  reduced 
in  every  inflammation,  firstly,  by  the  swelling  of  the  mucous 
membrane,  and,  secoudly,  by  the  accuniulution  of  secretion 
or  exudation  in  the  tubes.  Still  the  amount  of  narrowing 
varies  greatly  according  to  the  calibre  of  the  bronchi  affected, 
the  amount  of  secretion,  aud,  still  more,  the  ease  or  difficulty 
with  which  it  is  removed.  A  catarrh  of  the  larger  bronchi 
•  Biermer,  •  Volk.  Vortf..*  No.  la. 
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oever  cocstitntes  an  obstacle  to  respiration,  and  proYided 
croap  is  confined  to  tbem,  no  danger  arises  to  the  respiratory 
function.  On  tlie  other  hand,  an  inflammation  of  the  small 
and  smallest  bronchi  is  anything  but  a  trifling  affection,  espe* 
ciallj  in  children,  whose  air-tubes  are  normally  narrow  and 
whose  muscular  power  is  unequal  to  the  task  of  expectorat- 
ing the  tenacious  masses  with  sufficient  rapidity  from  the 
tubes.  This  muscular  feebleness  is  also  in  part  the  cause  of 
the  great  danger  attending  capillary  bronchitis  in  old  and 
feeble  individuals,  as  well  as  in  patients  who  have  passed 
through  a  long  pyrezial  attack.  Unfortunately,  also,  we 
know  only  too  well  how  many  children  affected  with  croup 
perish,  after  tracheotomy,  from  the  croupous  affection  of 
the  small  bronchi.  In  such  most  severe  cases  of  bronchitis, 
the  dyspncea  may  fully  equal  or  even  exceed  that  of  the  asth- 
matic, and  it  will  resemble  the  dyspnoea  of  asthma  also  in 
this,  that  it  is  chiefly  expiration  that  is  impeded.  Usually, 
however,  as  already  stated,  the  dyspncea  of  bronchitis  is  far 
from  reaching  such  a  pitch  of  severity,  simply  because  the 
stenosis  of  the  bronchi  is  only  trifling;  and  in  the  great 
majority  of  cases  the  alteration  of  the  respiratory  type  is 
confined  to  an  increase  in  frequency,  which  must  partly  be 
ascribed  to  the  pyrexia  accompanying  the  bronchitis  and 
partly  to  the  irritation,  due  to  the  inflammation,  of  numerous 
sensitive  terminations  of  the  vagi  in  the  bronchial  mucous 
membrane.  Since  the  well-known  researches  of  Traube,  we 
are  aware  that  the  vagus  contains  centripetal  fibres  whose 
feeble  stimulation  increases  the  nttmher  of  the  respiratory 
movements,  while  their  strong  irritation  may  even  cause  stand- 
still of  the  breathing  during  inspiration.  That  other  fibres 
having  a  different  action  pass  in  the  vagus  from  the  lungs 
to  the  medulla,  has  already  been  dwelt  on,  and  we  shall  soon 
have  to  investigate  this  point  more  thoroughly ;  yet  their 
existence  cannot  in  any  way  tell  against  the  foregoing 
interpretation  of  the  increased  frequency  of  the  respirations 
in  inflammatory  diseases  of  the  bronchi  and  pulmonary  paren- 
chyma. 

Another  circumstance  contributes  not  a  little  to  moderate 
the  dyspnoea  of  the  bronchitic,  namely,  that  £tll  the  bronchi 
are  only  rarely  implicated.     As  a  rule,  the  middle  and  lower 
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jeections  of  the  lungs  are  the  seat  of  the  bronchitis,  while  the 
bronchi  of  the  upper  portiona  escape  altogether,  or  are  much 
less  affected.  If,  accordingly,  bronchitis  cannot,  as  ordi- 
narily occurriug,  be  placed  amongst  the  processes  which  pro- 
duce narrowing  of  all  the  branches  of  a  united  cross-sectiou 
of  the  bronchial  tree,  this  is  still  more  true  of  a  number  of 
other  factors  which  from  their  nature  give  rise  to  purely 
Ittcal  utejiosen  of  the  bronchi.  The  simplest  example  is  a 
foreign  body  which  has  entered  the  air-passages.  This  acci- 
dent is  moat  likely  to  occur,  as  is  well  known,  when  a  person 
takes  a  deep  inspiration,  e.  g,  yawns,  sighs,  sobs,  or  the  like, 
during  a  meal.  The  deeper  the  iuspiration,  the  more  liable 
will  the  foreign  body  be  to  pass  straight  into  a  bronchus, 
and  as  experience  teaches,  more  frequently  into  the  right  than 
into  the  left.  It  may  either  become  at  once  impacted  in  a 
branch  bronchus,  according  to  its  size  ;  or  it  may  be  trans- 
ferred to  a  second  branch  by  coughing,  which  forces  it  towards 
but  not  out  through  the  larynx,  and  remain  fixed  in  this 
branch — an  occurrence  that  may  even  be  repeated  after  a  very 
long  time  has  elapsed.  If,  as  frequently  happens,  the  bodies 
are  round,  they  are  wont  from  the  first  completely  to  occlude 
the  lumen  of  the  bronchus  in  which  they  have  remained  fixed  ; 
in  the  case  of  other  bodies,  c.  g.  dried  peas,  this  does  not  occur 
till  the  poas  have  swelled;  yet  even  angular  and  irregularly- 
ahaped  masses  generally  soon  lead  to  complete  occlnsion,  be- 
cause their  meshes  and  spaces  become  filled  with  bronchial 
seoretion.  Furthermore,  tumours  may,  just  as  in  the  upper 
air-passages,  produce  local  bronchial  stenosis  by  compression 
from  without  or  by  growing  into  the  lumen.  In  this  way  the 
lumen  of  one  of  the  main  bronchi  may  be  reduced  to  a  minute 
■lit  by  an  aneurysm  of  the  aorta,  or,  much  more  rarely,  of  the 
pulmonary,  by  a  tumour  of  the  mediastinum,  swollen  bron- 
chial glands,  or  epithelioma  of  the  oesophagus ;  the  same  result 
is  produced  in  the  branch  bronchi  occupying  the  interior  of 
the  lungs,  more  especially  by  metastatic  nodules  in  these 
organs.  Such  cancerous  and  sarcomatous  nodules  very  fre- 
quently grow  into  a  branch  bronchus,  just  as  does  cancer  of 
the  oesophagus  or  of  the  bronchial  glands  into  a  main  bron- 
chuB.  Lastly,  the  new-formation  may  infiltrate  the  wall  of 
the  bronchus  and  in  this  way  narrow  its  lumen,  sometimes  to 
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a  very  considerable  degree  and  for  a  long  distance.  This  is  a 
condition  which  is  not  infrequently  observed  in  carcinosis  and 
sarcomatosis,  and  was  found  especially  in  the  remarkable  dis- 
ease of  the  Sckneeherg  minerSj  with  which  you  are  acquainted 
from  a  previous  discussion  (vol.  ii,  p.  743),  and  which  was  de- 
scribed by  the  local  physicians  as  cancer  of  the  lung,  but  proved 
histologically  to  have  the  characters  of  lympIiO'Sarcomatosis, 
To  the  localised  stenoses  of  the  bronchi  a  very  considerable 
contingent  is  contributed  by  inflammatory  processes,  other 
than  the  catarrhal  and  croupous  bronchitis  already  discussed. 
These  stenoses  are  due  chiefly  to  the  residua  of  inflammations, 
which  take  the  form  of  cicatrices,  indurations,  contracting 
bands  of  connective  tissue,  and  are  found  in  the  walla  of 
the  bronchi  themselves,  but  much  more  frequently  in  the  peri- 
bronchial and  pultnonary  tissue.  The  most  ordinary  causes 
of  these  interstitial  cirrhotic  processes  are  the  diseases  pro- 
duced by  the  inhalation  of  dust,  on  which  we  shall  shortly 
have  to  dwell  more  at  length ;  syphilis  may  probably  be  made 
responsible  for  many  of  them ;  while  some  cicatrices  of  the 
bronchi  must,  it  is  evident,  have  originated  in  catarrhal  and 
other  ulcers.  As  the  result  of  such  indurative  and  cicatris- 
ing processes  the  complete  obliteration  of  a  bronchus  may  be 
brought  about,  and  it  appears  to  me  not  at  all  improbable  that 
some  of  the  cases  described  in  the  literature  as  congenital  im- 
perviousness  of  a  bronchus  should  rather  be  regarded  as  ac- 
quired cicatricial  occlusion  of  later  origin.  For  dwarfing  and 
imperviousness  of  bronchi  are  usually  confined  to  monsters 
which  are  incapable  of  living  ;  and  in  the  interesting  case,  de- 
scribed by  Ratjen,*  of  a  man  forty-nine  years  old  who  had 
an  enormously  hypertrophied  right,  and  a  very  small  com- 
pletely atelectatic  left,  lung,  the  main  bronchus  of  which  was 
completely  obliterated  and  converted  into  a  solid  connective 
tissue  cord  one  and  a  half  inches  long,  the  discovery  of  toler- 
ably abundant  pigmentation  of  the  atelectatic  lung  very  ob- 
viously tells  in  favour  of  the  belief  that  this  lung  must  have 
performed  its  regular  functions  for  a  considerable  time. 

Let  us  now  see  what  importance  a  narrowing  or  occlusion 
of  one  or  more  bronchi,  in  short,  a  local  bronchial  stenosis,  pos- 
sesses for  respiration.    It  is  true  that  the  entrance  of  air  to  all 
•  Batjen,  *  Yirch.  A./  xxxviii,  p.  172. 
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the  reiuainiDg  tubes  is,  under  such  circum stances,  quite  free 
and  unimpeded.      Yet  this  is  of  little  service.      For,  since 
the  bronchi  do  not  anywhere  anastomose,  air  cannot  be  sup- 
plied from  any  other  source  to  the  alveolar  territory  of  the 
affected  bronchus.     The  alveoli  are  con&i'queutly  lost  to  re- 
spiration, HO  long  as  the  occlusion  of  the  tube  supplying  them 
lasts  ;  or,  in  other  words,  every  local  stenosis  of  a  bronchus 
mast  necessarily  cause  a  corresponding  diminution  of  the  re- 
fnpiraiory  surface.     This  is  not  to  be  disputed  ;  and  it  is  also 
indisputable    that    the    organism    can   easily    support    such 
a  loss,  provided  only  it  be  moderate  in  degree.      For  the 
physiological   respiratory   surface,  t.  e.   the   surfaces   of  all 
the  alveoli  united,,  is  extremely  large ;  it  is  thus  constituted 
from  the  first,  to  render  it  capable  of  meeting  the  greatest  and 
most  sudden  demands  for  oxygen,  and,  as  you  are  aware,  all 
the  alveoli  are  very  far  from  being  equally  and  strongly  called 
upon  in  ordinary  respiration.      While,  then, the  iusigui£cauco 
of  single  stenoses  of  the  bronchi  is  apparent  frooi  the  fore- 
going, the  prejudicial  eifeuts  of  occlusion  of  larger  bronchial 
territories  are  partly  met  by  the  intentional  or  instinctive 
limitation  of  the  demand  for  oxygen,  already  referred  to.   This 
implies,  however,  that  there  are  bounds,  beyond  which  the 
local  0ieno$eit  of  the  hroiichi  are  algo  ytoductive  of  hreiithles8~ 
new  and  dyspuatic  breathing.     In  many  cases,  especially  of 
more  narrowing  of  bronchi,  the  dyspuooa  is  besides  the  sim- 
plest and  most  advantageous  means  of  regulation,  in  that  the 
deep  inspirations  and  forced  expirations  are  capable  of  over- 
coming obstacles  which  the  ordinary  respirations  are  unable 
to  conquer.      Not  so,  however,  when  the  affected  bronchi  are 
completely  occluded  and  the  strong  respiratory  movements 
fail  to  open  them. 

The  first  and  immediate  result  of  the  closure  of  a  larger 
bronchial  territory  is  the  unnatural  distension  or,  as  this  is 
termed,  thtj  ivjtation  of  the  pervioua  seetiontt  of  the  lungs.  For 
if  the  thorax  bo  more  strongly  distended  than  usual  by  the 
dyspnceic,  and  therefore  deeper,  respirations,  while  large 
portions  of  lung  cannot  increase  in  volume  owing  to  the  oc- 
clusion of  the  bronchi,  the  entire  force  of  the  inspiratory  pull 
mnst  necessarily  act  on  thoso  sections  of  the  lungs  which  «ro 
accessible  to  air,  in  so  far  as  these  are  capable  of  yielding. 
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Sach  a  considerable  compensatory  inflation  may,  in  fact,  be 
brought  about  in  this  way  as  to  endanger  life  itself.  At  aaij 
rate,  Lichtbeim*  has  repeatedly  found  that  rabbits,  in  which 
he  had  firmly  plugged  one  of  the  main  bronchi  by  a  lami- 
naria  tent  introduced  from  the  trachea,  survived  the  operation 
a  short  time  only.  In  a  number  of  these  animals,  the  infla- 
tion of  the  other  lung  was  so  considerable  as  to  cause  its 
rupture,  and  the  resulting  pneumothorax  had  terminated  re- 
spiration acutely.  Some  of  the  animals,  however,  perished 
without  pneumothorax  within  twenty-four  hours,  clearly 
because,  the  pulmonary  capillaries  being  overstretched,  they 
could  not  with  their  impeded  circulation  adequately  minister 
to  the  exchange  of  gases.  That  the  cause  of  death  must  be 
sought  in  this  and  no  other  factor  is  best  shown  by  the  com- 
parative barmlessness  of  occlusion  of  one  of  the  main  bronchi 
when  the  corresponding  pleural  cavity  is  opened.  Ligature 
of  the  left  bronchus  from  the  pleural  cavity — whereupon  the 
canse  of  the  excessive  distension  of  the  right  lung  ceases  to 
exist — was  well  borne  by  Lichtheim's  rabbits,  which  died  only 
after  some  weeks  in  consequence  of  a  scarcely  avoidable  puru- 
lent plenritis. 

Such  an  extreme  and  threatening  degree  of  inflation  of 
the  pervious  portions  of  the  lungs,  arises  only  when  a  very 
large  bronchial  territory  is  blocked  and  the  blocking  occurs 
suddenly.  In  Lichtheim's  experiments,  when  the  tent  lay  a 
little  lower  down  than  usual  so  that  the  branch  to  the  superior 
lobe  remained  free,  this  lobe  participated  to  a  marked  de- 
gree in  the  inflation,  while  the  other  lung  was  mnch  less  dis- 
tended than  after  complete  occlusion  of  the  main  bronchus ; 
the  animals  then  lived  for  weeks  without  any  dyspnoea  worth 
mentioning.  On  the  other  hand,  in  Ratjen's  case,  to  which 
reference  has  just  been  made,  the  right  lung  was  enormously 
enlarged,  so  that  its  upper  and  middle  lobes,  more  especially, 
filled  up  the  greater  part  of  the  left  half  of  the  thorax  ;  still 
the  diameter  of  the  alveoli  was  perfectly  normal,  and  there 
was  not  the  least  evidence  of  dilatation,  such  as  is  charac- 
teristic of  the  inflated  lung.  A  true  compensaiory  hyper^ 
irophy  had  developed,  and  not  a  compensatory  inflation,  be- 
oaoy^  owing  to  the  gradual  extinction  of  respiration  in  the  left 
*  Lichthaiip, '  A  f.  exper.  Fftthol  ,*  x,  p.  54. 
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luDg,  the  circalation  through  it  became  less  and  less  copioasy 
while  pari  paaau  the  more  nbundnnt  supply  to  the  other  lun^ 
fliforded  the  means  of  an  actual  increase  of  growth.  As  a 
matter  of  fact,  the  hypertrophied  lung  ha<i  so  well  performed 
itfl  function,  that  its  poRsessor  had  never  had  any  reason  to 
complain  of  hia  respiratory  organs  daring  the  whole  forty- 
nine  years  of  his  life.  I  just  now  stated,  with  regard  to  the 
rabbit,  that  in  acute  occiu.sion  of  the  bronchi,  the  second 
long  only  then  becomes  considerably  inflated,  when  the  main 
bronchus  or  all  the  middle-sized  tubes  are  impervious.  In 
thehoman  being,  too,  when  the  obstacle  is  seated  in  some  of 
the  bronclii  only,  the  abnormal  dilatation  is,  as  a  rule,  con- 
fined to  the  neighbouring  parts  of  the  same  lung.  This  con- 
dition, which  is,  properly  speaking,  a  greater  unfolding  of 
single  sections  of  the  lung,  is  of  very  common  occurrence, 
and  innumerable  opportunities  are  presented  for  obaer\''ing 
it^  oftpecialiy  at  the  anterior  borders.  Tliough  the  condition 
is  often  called  vicarious  emphysema,  this  is,  in  my  opinion, 
an  erroneous  expression.  True  emphysema  involves  the  pre- 
sence of  defects  in  the  alveolar  septa,  so  that  alveoli  which 
were  originally  distinct  coalesce  to  form  more  or  less  capri- 
cious ftir-saca ;  and  it  is  by  no  means  established,  though 
frequently  assumed,  that  actual  emphysema  can  arise  from 
simple  dilatation  of  the  alveoli  with  the  bronchi  pervious. 
Usually,  in  those  portions  of  the  lung  which  are  pervious  and 
not  otherwise  altered  pathologically,  only  the  very  finest  bron- 
chioles with  thin  and  yielding  walls  take  part  in  the  compen- 
satory dilatation  ;  the  larger  bronchi  escape,  provided  no  con- 
ditions be  present  to  prevent  that  degree  of  alveolar  dilatation 
which  is  necessary  to  fill  out  the  thorax.  True,  it  happens 
fairly  often  that  the  bronchi  of  medium  size  are  found  dilated 
behind  a  stenosis  of  the  fine  bronchioles — the  effect,  no  doubt, 
of  the  permanent  inspiratory  pull,  to  which  they  more  readily 
succumb  when  their  walls  have  atrophied  from  chronic  ca- 
tarrh. 

The  effects  exerted  by  a  local  stenosis  of  the  bronchi  on 
the  portions  of  lung  lying  beyond  it,  are  also  far  from  always 
the  sume.  The  matter  is  simplest  when  a  bronchus  is  tahtlly 
occluded  ;  for  the  certain  and  inevitable  result  then  is,  that 
the  section  of  lung  supplied  by  it  becomes  ta  a  ahort  time 
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completely  emptied  of  air.  That  this  foetal  condition,  or,  as 
it  is  usually  termed,  atelectasis,  always  follows  the  closure  of 
the  afferent  bronclii  has  long  been  known,  and  several  de- 
cades ago  was  experimentally  demonstrated  by  Traube  ;*  yet 
full  clearness  as  to  the  connection  of  the  events  taking  place 
here  was  only  very  recently  arrived  at  through  Lichtheim'sf 
very  interesting  research,  to  which  reference  has  repeatedly 
been  made.  As  the  result  of  Lichtheim's  experiments  what 
was  previously  at  most  a  guess  has  been  converted  into  a  cer- 
tainty, and  we  now  know  that  when  atmospheric  air  is  pre- 
vented from  entering  a  section  of  the  lung,  the  air  within  it 
at  once  commences  to  he  absorbed  by  the  circulaiing  blood.  The 
oxygen,  which  is  taken  up  by  the  blood  independently  of  the 
partial  pressure,  is  the  first  to  disappear ;  the  carbonic  acid 
follows  next ;  and  lastly,  owing  to  its  low  coefficient  of  ab- 
sorption, the  nitrogen.  But,  rapidly  or  slowly,  the  mixture 
of  gases  finally  disappears  to  the  last  vestige,  because  the 
elasticity  of  the  pulmonary  parenchyma  is  not  satisfied  till 
the  last  bubble  of  air  is  expelled.  This  is  rendered  possible 
with  the  thorax  closed  by  the  vicarious  dilatation,  already 
discussed,  of  the  alveoli  occupying  the  pervious  sections  of 
the  lung ;  for,  by  the  aid  of  the  dilatation,  the  elastic  force 
of  the  pulmonary  tissue  can  make  itself  fully  felt,  and  re- 
duce the  volume  of  the  lung  pari  passu  with  the  absorption 
of  gas  BO  that  the  tension  of  the  confined  air  never  falls  below 
the  measure  which  is  indispensable  to  the  progress  of  ab- 
sorption. 

This  completely  airless,  but  otherwise  unaltered,  condition 
of  a  section  of  the  lung  may  persist  just  as  long  as  the  occlu- 
sion of  the  bronchus  distributed  to  it  lasts ;  and  an  oppor- 
tunity often  presents  itself  of  observing  such  circumscribed 
atelectases  in  the  bodies  of  persons  whose  bronchi  are  plugged 
by  inflammatory — catarrhal,  or  croupous— exudation.  Yet  it 
is  not  always  so.  An  atelectatic  section  of  the  lung  is,  it  is 
true,  completely  lost  to  respiration,  yet  the  circulation,  though 
no  longer  completely  regular,  always  continues  in  it,  so  that, 
consequently,  transudative  and  exudative  processes  may  take 
place  therein  ;  while  the  small  bronchi,  whose  cireulation 

*  Tnabe, '  Ges.  Abhandl./  i*  p.  i. 

t  Lichthrim, '  A.  f.  ezper.  Pathol.,'  x,  p.  54. 
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snfTers  still  lesSj  need  not  cease  secreting.  If  now  abundant 
secretion  and  exndation  occnr — and  these  may  be  the  result 
of  raauy  kinds  of  bronchial  stenosis,  such  as  occlusion  by 
organic,  decomposable  foreign  bodies  or  by  masses  of  inspis- 
sated broDcbinl  secretion — and  the  uewly  produced  materials 
go  on  accumulating  in  the  spaces  of  the  isolated  portions  of 
the  Inng,  a  permanent  and  very  considerable  ectasis  of  the 
over-filled  bronchi  may  be  set  up.  That  a  true  hronchieetagis 
may  thus  originate  in  advance  of  an  occlusion  of  a  bronchus 
has,  it  is  true,  been  pronounced  improbable  by  many  ;  but 
anyone  who  has  ever  seen  how,  after  Lichtheim's  occlusion  of 
the  main  bronchus,  the  lung  becomes  converted  int^i  a  cellular 
eao  containing  pus,  precisely  after  the  manner  of  a  pyo- 
nephrosis, can  no  longer  entertain  any  doubt  on  this  point. 

Atelectasis  and  its  sequelte  do  not  result  when  the  bronchi 
distribnted  to  the  affected  sections  of  the  lung  are  only 
narrowfid  and  not  completely  impervious.  True,  the  indi- 
vidual circumstances  of  the  case  must  be  taken  into  account 
here  also,  since  the  same  obstacle  which  in  a  vigorous  man 
allows  the  entrance  of  the  inspiratory  stream,  cannot  be  over- 
come by  the  ransoles  of  feeble  individuals,  e.  p.  children  and 
old  people  and  porsoos  exhausted  by  pyrexia.  Provided,  bow- 
ever,  that  the  obstacle  causes,  in  the  individual  affected,  not 
an  occlusion  but  only  a  stenosis  of  one  or  more  bronchi,  each 
deep  inspiration  at  least,  will  convey  a  quantity  of  air  into 
the  alveoli  lying  beyond  the  stenosed  spot ;  and  if  now,  from 
any  cause,  the  expiration  is  not  forced  in  the  same  degree  as 
the  inspiration,  it  may  easily  happen  that  less  air  will  be  ex- 
pelled through  the  narrowed  passage  than  entered  by  it,  with 
the  result  that  there  is  developed  a  marked  ectasis  of  the 
alveoli,  or,  as  Niemeyer  terms  it,  a  perrnanpni  in/^piratory  ex- 
pantnan  of  them.  But  in  addition  to  this  really  very  common 
appearance,  true  emphysema  with  rarefaction  of  the  alveo- 
lar walls  is  met  with  very  often  in  advance  of  a  bronchial 
stenosis ;  but  for  its  explanation  the  theory  of  Laennec  just 
referred  to  is  quite  inadequate.  To  explain  it  one  must  rather 
turn  to  the  forced  expirations.  I  remind  yon  in  particular  of 
the  remark  already  made  with  regard  to  the  effect  of  increased 
expiratory  pressure  on  the  small  bronchi.  For  if  the  small 
bronchi  are  compressed  by  an  abnormally  high  expiratory 
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pressure,  it  is  very  easy  to  understand  that  a  simple  narrow- 
ing  should  be  converted  during  expiration  into  an  occlusion, 
when  the  compressed  air  of  the  alveoli  could  no  longer  escape 
through  its  regular  outlets.  The  result  will  be  rupture  of 
the  alveola  septa  and  the  establishment  of  emphysema,  either 
the  ordinary  vesicular  variety,  or,  in  extreme  cases,  the  tn- 
terstitial,  where  the  air  of  the  alveoli  enters  the  interlobular 
septa,  the  subpleural  tissues,  &c.  As  is  evident  without  fur- 
ther explanation,  it  is  more  particularly  stenosis  of  ike  small 
bronchi  that  occasions  emphysema  ;  and  you  will  consequently 
not  be  surprised  to  hear  that  both  bronchial  asthma  and 
catarrhe  sec — i.e.  catarrhal  inflammation  of  the  middle  and 
small  bronchi  with  a  tenacious  secretion  that  is  difficult  to 
expectorate — frequently  pass  on,  as  it  is  called,  into  emphy- 
sema. When  the  large  bronchi  are  narrowed,  on  the  other 
hand,  these  same  conditions  lead  less  to  emphysema  than  to 
dilatation  of  the  bronchial  ramifications.  How  much  the 
paroxysms  of  coughing  inseparable  from  bronchitis  further 
the  process  now  under  discussion  we  shall  later  on  have  to 
consider. 

When  the  air  has  passed  the  bronchi,  its  access  to  the 
surface  ot  the  pulmonary  capillaries  may  be  prevented  in  the 
alveoli  themselves.  As  a  rule  it  will  be  absolutely  prevented, 
because,  owing  to  the  minute  size  of  the  alveoli,  any  impedi- 
ment there  arising  usually  becomes  an  absolute  one.  True, 
the  dilatation  and  arching  inwards  of  the  pulmonary  capil- 
laries into  the  alveoli,  such  as  characterise  so-called  hroton 
induration  of  the  lungs  in  cardiac  lesions,  especially  of  the 
mitral  orifice,  might,  with  Traube,*  be  regarded  as  an  en- 
croachment upon  the  alveolar  spaces — though  it  is  question- 
able whether  this  is  really  the  cause  of  the  difficult  breathing 
of  these  patients.  At  any  rate,  brown  induration,  in  which 
we  have  to  deal  with  a  narrowing  and  not  with  an  occlusion 
of  the  alveoli,  is  the  only  affection  which,  while  involving 
the  pulmonary  vessels  collectively,  may  yet  be  tolerated  for 
a  long  period :  this  would  obviously  be  impossible  in  a  really 
general  occlusion  of  the  alveoli.  In  this  lies  the  extreme 
danger  of  general  oedema  of  the  hing,  i.  e.  the  saturation  of  the 
•  'Ges.  Abhandl,'  u,  308. 
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pulmonary  alveoli  vrith  liquid.  On  a  former  oocasion  (vol.  i, 
p.  522,  ct  eeq.)  1  spoke  at  some  length  of  general  pulmonary 
QBdemftj  and  I  then  explained  that  it  is  simply  an  oedctna  of 
stagnatwn,  depending  on  ^mralnsis  of  the  left  ventricle  whils 
the  right  continues  to  contract.  The  name  applied  to  this 
general  cedema  by  the  ancients  and  more  recently  again  by 
Traube — -jmeumonui  geroaa — is  decidedly  false,  and  I  am  the 
more  inclined  to  advise  against  its  employment,  as  atnie  in- 
flammatory adema  of  the  lung  actually  occurs.  We  speak  of 
inflammatory  oodoma  of  the  lungj  as  of  all  other  organs, 
when  an  inllammation  has  not  gone  further  than  the  exuda- 
tion of  a  watery  fluid  ;  when,  that  is,  the  exudation  is  neither 
rich  in  cells  nor  coagulated.  Ilence  we  meet  it  most  regu- 
larly at  the  commencement  of  a  true  croupous  pneumonia, 
when  a  special  u&mo, engouerneni,  is  customary;  and,  secondly, 
OS  an  indication  of  the  extension  of  the  pneumonic  process, 
in  the  immediate  vicinity  of  the  hepatised  portions.  From 
the  nature  of  the  case,  this  inflammatory  oedema  is  never 
general,  but  always  circumscribed,  and  often  indeed  limited 
to  small  portions  of  the  lung.  In  its  significance  for  the 
respiration,  therefore,  it  cannot  appi*oximately  vie  with  the 
general  form,  and  fulls  completely  into  the  shade  when  asso- 
ciated with  advanced  degrees  of  iuQammation,  and  especially 
hopatisation.  lis  subordination  is  the  more  distinct,  since 
the  alveoli  are  rendered  decidedly  more  inaccessible  to  air 
by  Ailing  with  a  markedly  inflammatory  infiltration  than  by 
the  mere  oedema.  It  is  here  immaterial  whether  the  inflltra- 
tion  be  a  croupous,  catarrhalf  galatinous,  or  caseous  one ;  the 
implicated  alveoli  are  always  aselesa  to  respiration,  and  in 
this  regard  the  most  important  consideration  is,  how  many 
pulmonary  vesicles  are  cut  off,  «'.  e.  what  is  the  extent  of  the 
inflammation.  If,  for  example,  a  catarrhal  or  a  caseous  in- 
filtration involves  a  great  number  of  lobules  in  both  lungs, 
it  may  constitute  a  greater  impediment  to  respiration  than 
an  ordinary  croupous  pneumonia ;  though,  in  most  cases,  the 
croupous  form  gives  rise  to  more  respiratory  disturbance, 
owing  to  the  greater  rapidity  with  which  it  causes  complete 
oecluftion  of  the  affected  portions  of  the  lungs. 

As  regards  Ibe  imperviousneftg  to  air,  it  is  a  matter  of  in- 
dilTvronce  whether  th««nl<  ithan  inflammatory 
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infiltration,  or  with  the  fluid  or  solid  products  of  any  other 
pathological  process.  Here  may  be  cited  the  plugging 
of  the  air-vesicles  with  blood  extravasated  "per  diapedesin 
in  hsejnoptoic  or  Ir^morrhugic  infarct  j  but  here,  it  is  true, 
the  section  of  lung  involved  is  already  worthless  as  far  as 
respiration  is  concerned,  since  the  regular  circulation  tlirongh 
it  has  ceased.  For  this  reason,  a  hecmorrhagic  infarct  is  of 
more  importance  for  respiration  than  is  a  pnlmonarif  li^tmor' 
rhage  per  rkej;ln,  or,  as  this  is  also  called,  an  apoplexia  puU 
monis.  Provided,  of  course,  their  size  is  the  same ;  for  1 
need  hardly  say  that  a  person  into  whose  trachea,  e.  g.,  an 
aortic  or  subclavian  aneurysm  bursts^  must  die  asphyxiated  ; 
while  the  loss  of  a  few  grams  of  blood  into  the  pulmonary 
tissue  is  a  trifling  accident  to  respiration,  since,  as  you  will 
shortly  hoar,  so  small  a  quantity  of  fresh  blood  very  rapidly 
disappears  by  absorption  from  the  alveoli  into  which  it  has 
been  aspirated.  Less  extensive,  and  therefora  without  any 
aigniticance  from  our  present  standpoint,  are  mycotic  foci  in 
the  lungs,  «'.  c.  the  filling  of  alveoli  with  true  fttnt/i  ;  they  are, 
moreover,  of  extremely  rare  occurrence.  Tlio  more  im- 
portance attaches  to  the  toIg  played  by  tunwur-formlng  pro* 
cesses  in  the  lungs,  by  reason  both  of  their  extreme  frequency 
and  the  wide  distribution  and  bulk  attained  by  them.  Chief 
amongst  them  is  Uiberculosittf  whose  classical  seat  is  precisely 
the  lungs  ;  and, secondly,  the  true  tumourSt  which  though  rare 
as  primary  growths,  all  the  more  frequently  select  the  lunga 
in  metastatic  form.  As  regards  the  question  uow  engaging 
oar  attention,  it  is  here  again  quiet  immaterial  what  the 
structure  of  the  tumours  is,  where  they  originate,  and  what 
the  character  of  their  growth ;  and  it  would  araouot  to 
mere  hair-splitting  did  we  seek  to  distinguish  whether  the 
masses  render  the  alveoli  impervious  by  penetrating  them 
or  by  compressing  them  from  without.  For  the  alveoli  being 
so  small,  both  modes  will  certainly  go  hand  in  hand,  at  least 
in  all  metastatic  tumours  and  in  the  infective  grannlomata — 
that  is,  in  the  groat  majority  of  all  now  growths  ;  Hud  it  is 
in  any  case  undoubted  that  the  pulmonary  vesicles  are  lost 
to  re8])iration  withiu  the  limits  of  the  tumours. 

In  the  irUersliiiitl,  indurative  and  cirrhotic  proc99t«s,  so 
extremely  common  in  the  lungs,  it  is  only  rarely  chat  wo  can 
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discover  whether  the  destruction  of  the  vesicles  by  alveolar 
pDeamonia  has  preceded  the  incrcLiso  of  the  interstitial  tissue, 
or  whether,  conversely,  the  latter  has  brought  about  the 
disappearance  of  the  alveoli  by  oompressiou  and  consecutivo 
contraction  ;  here  too  we  shall  probably  come  nearest  the 
truth  if  we  admit  the  action  of  both  factors.  There  are,  how- 
evor,  a  number  of  processes  which  render  a  larger  or  smaller 
oumbor  of  vesicles  impervious  to  air  only  and  solely  by  com- 
pr689ion  from  without.  In  this  category  several  fonns  of 
bronchiectasis  must  be  placed.  For  whether  the  dilatation 
involves  the  smaller  or  larger  bronchi,  whether  it  affects  the 
upper  or  the  lower  lobe,  whether  it  originates  rapidly  or 
slowly,  it  can  never  occur  in  the  closed  thorax  except  at  the 
expense  of  other  parts,  which  have  previously  occupied  the 
space  by  which  the  ectatic  bronchi  now  exceed  their  former 
normal  volume;  the  parts  most  readily  offering  themselves 
are  the  alveoli.  Now,  in  some  cases  of  bronchiectasis,  the 
destruction  of  the  alveoli  precedes  the  dilatationof  thobronchi, 
as  when  the  condition  is  developed  beyond  the  obliteration 
of  a  bronchial  tube,  or  when  the  by  no  means  uncommon  form 
is  present,  whose  cause  bas  correctly  been  sought  since  Cor- 
rigan's  time,  in  the  extra-bronchial  pull  of  cirrhotic  pul- 
monary tissue.  But  besides  these,  typical  and  far  from  in- 
considerable bronchiectases  occur,  whoso  mode  of  origin  is 
not  explainable  by  reference  to  sach  processes.  We  have 
then  to  deal  almost  exclusively  with  the  subjects  of  chronic 
bronchial  catarrh^  and  hence  it  is  at  any  rate  an  obvious 
idea  to  attribute  the  bronchiectases,  on  the  one  hand,  to  the 
atony,  loss  of  elasticity,  and  failure  of  contractile  power  of  the 
bronchial  walls  brought  about  by  the  chronic  inflammation  ; 
and,  on  theotherhand,to  the  continuous  increase  of  the  expira- 
tOTj  pressure,  especially  intense  during  the  paroxysms  of 
coughing.  It  was  those,  so  to  speak,  primary  bronchiectases 
I  had  chiefly  in  mind,  when  I  thought  it  necessary  to  cite  this 
condition  as  one  of  the  factors  which  shut  off  the  alveoli  from 
the  air  by  external  pressure.  But  still  more  wide-spread, 
and  consequently  more  striking,  effects  attend  compreseiou 
by  large  tumours  inside  the  thorax,  by  copious  pleuritic  exu» 
duiioii9f  and  by  accuraulationii  of  gas  in  the  pleural  cavities 
under  a  tension  exceeding  that  of  the  atmosphere.     That  we 
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have  by  no  means  always  to  deal  with  compression  of  the 
Inng,  when  in  cases  of  pleuritic  exudation^  pneumothorax^ 
pericardial  effusion^  or  enlargement  of  the  hearty  a  more  or 
less  large  number  of  alveoli  are  found  to  be  airless,  you  will 
presently  learn ;  but  when,  in  such  conditions,  the  greater 
part  of  the  blood  even  is  dislodged  from  the  pulmonary 
vessels,  and  the  lung  is  converted  into  a  flattened  cake,  with 
a  volume  much  less  than  that  of  the  normal  airless  organ,  it 
is  impossible  to  doubt  that  an  actual  compression  has  here 
been  at  work. 

The  processes  just  discussed  do  not,  however,  exhaust  the 
possible  derangements  which  may  in  the  alveoli  oppose  the 
entrance  of  air  and  its  interchange  with  the  gases  of  the 
pulmonary  capillaries.  In  all  other  sections  of  the  air-pas- 
sages the  channel  was  perfectly  free  and  unobstructed,  pro- 
vided the  lumen  of  the  tube  concerned  was  not  reduced  by 
causes  acting  within  it  or  from  without.  It  is  not  so,  how- 
ever, in  the  alveoli,  for,  unlike  the  larger  air-passages  and  to 
a  less  extent  the  bronchioles,  the  volume  of  the  alveoli  is  not 
constant.  At  the  height  of  inspiration  and  the  end  of  ex- 
piration the  size  of  the  air- vesicles  differs  greatly.  In  other 
words,  if  the  interchange  of  gases,  that  is,  respiration,  is  to 
proceed  regularly,  the  alveoli  must  be  capable  of  freely  ex^ 
panding  during  inspiration  and  of  collapsing  with  no  les8free~ 
dom  during  expiration.  But  obstacles  interfering  with  either 
phase  are  by  no  means  rare.  Here  must  be  mentioned,  in  the 
first  place,  the  adhesion  of  the  two  layers  of  the  pleura,  the 
importance  of  which  for  respiration  was  first  pointed  out  by 
Bonders  in  an  essay*  often  quoted.  In  a  normal  condi- 
tion, the  lungs  increase  in  volume  not  only  in  their  trans- 
verse and  antero-posterior  diameters,  but  vertically ;  they 
glide  along  the  walls  of  the  thorax  in  the  direction  from  above 
downwards  and  from  behind  forwards  in  such  a  way  that  the 
apices  and  posterior  borders  remain  fixed,  and  participate  least 
in  the  change  of  position.  Each  alveolus  moves  along  the 
thoracic  wall  for  a  distance  equal  to  the  total  longitudinal 
dilatation  of  all  the  pulmonary  vesicles  situated  above  it,  and 
thus  the  amount  of  displacement  of  the  inferior  borders  of  the 
lung  may  be  regarded  as  the  measure  of  the  expansion  of  the 
*  Donden, '  Zeittohr.  f .  nat  Mtdkan^*  N.  F.  iii,  p.  35^ 
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alveoli  collectively.  If  the  lungs  are  fixed  to  the  parieteaby 
firm  aclheeionSj  which  cannot  be  stretched  at  all  or  only  with 
difBcuityj  the  displacement  of  the  organs  will  necessarily  be 
interfered  with  ;  and  the  obstacle  will  be  least  if  the  synechia 
implicates  merely  the  apex  and  posterior  borders,  and  greatest 
if  the  adhesion  be  situated  over  the  lowermost  sections.  Under 
theao  circumstances  a  more  or  loss  large  number  of  alveoli 
will  fnil  to  expand  during  inspiT-ation  to  the  normal  extent, 
and  though  air  may  enter  them,  it  will  be  less  than  normal 
in  amount. 

A  much  more  scrions  condition  is  produced  by  the  esta.b- 
lishaient  of  ^  free  cammunrcation  hftuecji  the  pl&ural  cavity 
and  the  afmoHpheric  air.  This  may  be  due  to  a  perfonxting 
wound  or  a  fistula  of  tho  wall  of  llic  thorax  ;  to  the  rnpture 
of  a  phthisical  or  bronchicctatic  cavity,  an  abscess,  a  focua 
of  gangrene,  an  emphysematous  vesicle — in  short,  of  any 
necrotic  or  greatly  attenuated  portion  of  tho  surface  of  tho 
lung  and  pkMira;  and  ia  rare  cases  to  perforation  of  ulcers 
of  the  ocsophugus,  or  of  gastric  n  leers,  after  antecedent  ad- 
hesion to  tho  diaplirHgin.  Rupture  proceeding  from  the  lung 
— by  far  tho  commonest  cause  of  pneumothorax — may  some- 
times lake  place  quite  suddenly  in  consequence  of  a  forced 
inspiration  or  expiration,  e.g.  a  fit  of  coughing;  but,  as  a 
rulo>  it  develops  tilowly  as  the  result  of  one  of  the  ulcerative 
or  necrotic  proceBses  already  mentioned,  though  then  too  the 
perforation  proper  occurs  suddenly,  in  a  moment.  Now  what- 
ever be  the  cause  of  such  a  pneumothorax,  t.  e.  of  one  freely 
commuDicating  with  the  atmosphere,  or  more  briefly  open, 
tho  accident  will  always  be  attended  by  serious  consequences 
(or  the  respiration  on  the  affected  side  of  the  thorax.  For 
the  lung  henceforward  will  no  longer  follow  the  inspiratory 
pull  of  tho  chest-wull,  and  though  the  air-passages  are  per- 
fectly free,  no  air  will  enter  the  Ittug.  This  point  being  ar- 
med at,  no  long  time  will  elapse  before  the  alveoli  rid  them- 
selves of  the  air  contained  in  them  at  the  commencement  of 
tho  pneumothorax  ;  the  lung  becomes  atelectatic.  For  tho 
olMticity  of  the  lung  ia  now  free  to  assert  itself  without  hin- 
drBncc,  till  the  last  bubble  of  air  is  taken  up  from  the  alveoli 
by  the  circulating  l>lood,  and  tho  lung  is  reduced  to  its  natural 
volume,  or,  if  you  prefer  it,  to  the  volamo  natural  to  it  be« 
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fore  respiration  began,  i.  e.  in  a  foetal  condition.  We  have 
in  the  foregoing  assumed  that  the  lung  is  freely  moveable,  and 
that  no  synechia  of  the  pleura  is  present.  Should  this  not  be 
the  case,  and  the  lung  be  adherent  over  a  smaller  or  larger 
area  to  the  wall  of  the  thorax,  the  pneumothorax,  though  open, 
will  be  saccular.  The  atelectasis  will  then  always  be  in- 
complete, since  the  elasticity  of  the  lung  is  incapable  of  oyer- 
comiug  the  resistance  offered  by  the  firm  adhesions. 

All  this  has  reference^  as  stated,  to  pneumothorax  with  a 
free  communication  between  the  pleural  cavity  and  the  atmo- 
sphere. It  does  not  apply  to  closed  pneumothorax,  when,  for 
example,  the  aperture  in  the  thorax  is  united  or  the  perfora- 
tion of  the  lung  occluded  by  a  layer  of  fibrin.  For  when  a 
certain  amount  of  air  is  present  in  the  pleural  cavity,  and 
does  not  vary  with  inspiration  or  expiration,  breathing  is  not 
prevented  in  consequence — indeed,  it  is  in  reality  no  more  im- 
peded than  if  an  equal  volume  of  liquids  or  solids  were  pre- 
sent there.  Only  when  the  intra-pleural  air  has  acquired  an 
abnormally  high  tension,  does  the  closed  pneumothorax  prove 
highly  detrimental  to  the  affected  lung.  The  tension  is  in- 
creased when  the  opening  by  which  the  pleural  cavity  com- 
municates with  the  atmosphere  is  so  shaped  as  to  admit  air 
during  inspiration  and  to  prevent  its  escape  during  expira- 
tion. Such  an  aperture  is  not  exactly  rare  in  the  commonest 
form  of  pneumothorax,  namely,  the  phthisical,  where,  owing 
to  its  peculiarly  jagged  outline,  it  acts  precisely  like  a  valve, 
opening  on  inspiration  and  closing  on  expiration^  and  with 
greater  certainty,  too,  the  higher  the  tension  already  acquired 
by  the  intra-pleural  air.  This  movement  continues  till  finally 
the  tension  of  the  air  in  the  pleural  cavity  has  become  so  con- 
siderable that  no  more  can  enter  during  inspiration,  and  the 
valve  remains  permanently  closed.  This  valvular  fneumO" 
thorax,  as  it  is  termed,*  accordingly  forms  in  a  measure  a  sub- 
variety  of  closed  pneumothorax ;  but  its  characteristic  feature 
is  the  great  tension  of  the  air  present  in  the  pleural  cavity. 
In  consequence  of  this,  the  affected  half  of  the  thorax  is  ex- 
panded even  beyond  the  limits  of  the  deepest  inspiration, 
while  the  lung,  on  the  contrary,  is  not  merely  airless  but  com- 
pletely com'pressed,  and  lies  against  the  spinal  column  as  a 
•  Cf .  Weil, '  D.  A.  f.  klin.  Med.,*  ixv,  p.  i,  xxix,  p.  3(54. 
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flattoned  cake,  reduced  to  the  least  possible  volume.  The 
danger  of  this  condition  is  enhanced  by  the  fact  that  it  may 
only  too  easily  become  permanent ;  for  if,  shortly  after  it  has 
orig^inated,  the  iutra-pleural  air  be  removed  either  by  punc- 
ture or  by  absorption,  the  valve  again  commences  to  act  in 
the  manner  already  described  ;  and  furthermore^  the  air  fails 
to  bo  absorbed  or  is  removed  with  difficulty  when  the  pneu- 
mothorax, as  almost  always  happens,  becomes  associated  with 
a  fibrino-serous,  or  still  more  frequently  a  fibrino-purulent, 
pleuritis,  which  in  some  cases  precedes  the  pneumothorax  and 
in  the  remaining  ones  follows  sooner  or  later,*  but  always  in 
a  comparatively  short  time.  There  need  bo  no  fear  of  such 
pernicious  consequences,  however,  when,  as  fortunately  occurs 
in  many  cases,  the  tension  of  the  air  in  the  closed  pneumo- 
thorax is  slight ;  rather,  as  already  noticed,  we  may  then  re- 
gard its  mechanical  influence  on  respiration  as  equivalent  to 
that  which  would  be  exerted  by  a  corresponding  accumulation 
of  liquid  in  the  pleural  cavity. 

The  nature  of  this  influence  is  taught  us, not  only  by  experi- 
ment, but  by  too  frequent  clinical  and  anatomical  experience. 
For  purposes  of  experiment  it  is  not  advisable  to  inject  air 
into  the  pleura  of  a  rabbit,  owing  to  the  rapidity  with  which 
it  is  absorbed  ;  the  same  objection  applies  to  watery  indiffer- 
ent fluids  such  as  salt  solution,  so  that  it  will  bo  best  to  employ 
an  oily  fluid,  e,  g.  pure  olive  oiL  As  Wienert  recently  showed 
in  thv  laboratory  here,  the  oil  is  also  absorbed  in  consider- 
able quantities  from  the  pleural  cavity,  and  then  gives  rise 
to  enormous  fatty  embolism,  chiefly  of  the  lung,  but  also  of 
all  the  remaining  organs  ;  still  a  tolerably  long  time  is  re- 
qnirerl  for  its  absorption,  and  if  the  oil  be  pure  and  uudecom- 
posed  it  is  followed  by  no  local  or  general  prejudice  to  the 
organism.  If,  tlien,  the  lung  is  examined  when  absorption 
is  not  far  advanced,  i,  e.  some  hours  or  even  one  to  two  days 
after  injection,  one  may  be  certain  of  determining  the  purely 
mechauicat  effects  of  this  pleural  accumulation  of  fluid  upon 
cho  organ.  Similar  opportunities  are  presented  in  human 
pathology  ;  first,  by  pleuritic  trantrndatiotis  and  exudations 
of  moderate  dimensions;  and  second,  by  numerous  other  pro- 
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cesses  by  which  the  cavity  of  the  thorax  is  encroached  npon 
unilaterally  or  bilaterally^  as  c.  g.  large  tumours  occupying 
the  interior  of  the  cavity,  whether  growing  into  it  from  the 
chest-wall  or  diaphragm,  or  originating  within  it,  like  aortic 
aneurysms,  sxtbsteiiial  goitres,  hypertrophies  of  the  thymus,  and 
mediastinal  tumours  :  large  pericardial  exudations,  and  even 
exeentric  hypertrophies  of  the  heart  must  also  be  placed  here. 
But  the  most  considerable,  and  hence  most  important  en- 
croachments on  the  thoracic  cavity  are  occasioned  by  the  forc- 
ing upwards  of  the  diaphragm,  which  itself  may  be  due  to 
large  abdominal  tumours,  a  bulky  ascites,  or — probably  the 
most  frequent  cause— extreme  meteorism.  Lastly,  deformities 
of  the  thorax  play  an  important  role,  especially  the  very  com- 
mon hyphoskoliosis,  in  which  that  half  of  the  thorax  at  least, 
towards  which  the  convexity  of  the  spinal  curvature  is  directed, 
may  occasionally  be  very  considerably  reduced. 

The  consequence  of  every  reduction  in  size  of  the  thoracic 
cavity,  however  conditioned,  may  evidently  be  defined  to  con- 
sist in  the  inability  of  the  implicated  lung  to  expand  in  the 
same  manner  as  under  physiological  conditions,  since  it  can- 
not take  possession  of  the  entire  space  procured  by  the  in- 
spiratory enlargement  of  the  thorax.  This  latter  quantity 
is  not,  it  is  true^  constant ;  on  a  deep  inspiration  it  is  much 
more  considerable  than  on  a  shallow  one ;  and  it  is  accord- 
ingly evident  that  a  deep  inspiration  will  at  least  partially 
compensate  the  prejudicial  influence  of  a  factor  circumscrib- 
ing the  cavity.  If,  for  example,  there  be  present  in  a  pleural 
cavity  a  moderate  amount,  about  200  to  300  grams,  transuda- 
tion, the  volume  of  the  lung  will  undoubtedly  be  no  less  great 
after  a  deep  inspiration  than  it  would  be  after  an  ordinary 
easy  inspiration,  were  no  transudation  present.  But  no  one, 
you  are  aware,  continues  long  to  voluntarily  carry  out  forced 
and  laboured  inspirations,  for  this  occurs  only  under  the  in- 
fluence of  dyspncea.  A  glance  at  the  rabbit,  however,  into 
whose  right  pleural  cavity  I  have  just  injected  10  c.cm.  oil 
— certainly  a  considerable  quantity  for  this  animal — shows 
that  it  has  no  dyspnoaa  whatever ;  it  breathes  a  little  oftener 
than  before  the  injection,  but  without  any  muscular  effort. 
Still  less  does  dyspnoea  occur  in  human  beings  with  an  ordi- 
nary pleural  transudation  which  is  only  slowly  and  gradually 
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poared  ont,  or  in  a  person  with  kjphoskoliosisj  provided 
ho  sufTers  from  no  respiratory  disease.  But  if,  under  snoh 
circumstances^  compensation  by  a  dyspnocic  deepening  of  the 
respirations  does  not  usually  take  place,  it  becomes  the  more 
necessary  to  inqairo,  How  does  the  lung  behave  ?  In  the 
first  place,  it  is  theoretically  conceivable  that  the  action  of 
the  space-reducing  factor  may  bo  distributed  equally  over  all 
the  alveoli  of  tho  affected  lung,  in  such  a  way  that  each  single 
alveolus  remains  smaller  by  the  amount  obtained  througlT 
dividing  the  volnme  of  the  factor  in  question  by  the  total  num- 
ber of  pulmonary  vesicles.  Still  nature  does  not  so  proceed. 
The  action  of  the  space-reduciug  factor^  as  is  easily  under- 
stood in  an  organ  having  the  structure  of  the  lung,  extends 
solely  to  the  portions  of  lung  in  its  immediate  proximity  ; 
their  expansion  is  prevented,  and  the  entrance  of  air  into 
them  is  consequently  impossible.  But  this,  you  know,  is  the 
signal  for  the  immediate  absorption  of  the  air  present  in  the 
alveoli,  and  you  will  not  be  surprised  to  learn  that  the  result 
of  all  these  space-reducing  factors  is  partial  atelectasis.  Tho 
extent  of  tho  ateloctasis  depends  exclusively  on  the  amount 
of  space  lost,  and  its  situatiou  is  determined,  as  already  in- 
dicated, by  tho  locality  of  the  factor  in  question.  Thus  in 
pleuritic  transudations  and  exudations  the  posterior  and  in- 
ferior portions  of  tho  lung  become  atelectatic  ;  in  meteorism, 
the  base  of  the  lung ;  in  pericardial  exudations,  chiefiy  the 
inner  portion  of  tho  loft  long  ;  in  mediastinal  tumours,  the 
anterior  borders  ;  in  goitre  and  in  hypertrophy  of  the  thymus, 
the  ant^nor  parts  of  both  superior  lobes.  The  tissue  involved 
is  brownish  red,  flabby,  and  tough,  smooth  and  comparatively 
dry  on  section,  and  though  easily  inilatcd  from  the  bronchus, 
is  completely  airless — in  a  word,  atelectatic. 

We  have  lastly  to  consider  another  circumstance  which 
practically  may  be  very  important,  tho  incapacity  of  the  luruj 
to  espand  in  regular  fashion,  althongh  no  evident  gross  im* 
pediment  is  present  either  in  the  bronchi  or  alveoli.  Such 
a  condition  is  not  rarely  met  with  in  a  lung  which  has  for  a 
considerable  time  been  compressed  by  a  large  pleuritic  exu- 
dation, and  also  appears  to  occur  in  sections  of  lung  which 
have  long  been  atelectatic.  The  cause  of  the  inability  to 
expand  has  not  been  satisfactorily  cleared  up.  That  a  weaken- 
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ing  of  the  elasticity  of  the  Inng,  which  we  shall  preaently 
hare  to  discass  more  zninntely,  ia  partiallj  responsible,  there 
can  be  no  doabt;  yet  still  more  importance  apparently  attaches 
to  the  fact  that  the  walls  of  the  bronchioles  and  alveoli  adhere 
firmly  and  are  in  a  measure  glaed  together,  in  consequence 
of  their  prolonged  immediate  contact.  Possibly  this  condi- 
tion is  preceded  by  a  loss  of  epithelium,  which  in  the  com* 
presHcd  lung  at  any  rate  might  be  looked  upon  as  the  result 
of  an  inadequate  circulation.  An  actual  mass  of  material, 
filling  the  air-passages,  is  certainly  not  found  in  the  affected 
long- 
Not  only  must  the  alveoli,  we  said,  expand  properly  during 
inspiration,  but  they  must  be  capable  of  adequately  contracting 
during  exjAration,  But  if  you  bear  in  mind  that  in  ordinary 
quiet  breathing  with  the  thorax  normal,  it  is  solely  the  elas- 
ticity of  the  pulmonary  tissue  that  causes  the  diminution  of 
the  alveoli,  it  will  at  once  be  apparent  that  every  considerable 
reductum  of  elat/ticity  must  prejudice  the  expiratoiy  contrac- 
tion of  the  alveoli,  and  consequently  the  entrance  of  air  during 
the  succeeding  inspiration — must  interfere,  in  fact,  with  the 
exchange  of  gasen  generally.  Now  I  have  mentioned  already — 
and  it  will  notBcemparticularlyremarkabletoyou — thatstrong 
compression  as  well  as  the  abnormal  vicarious  inflation  of  the 
lung  each  exerts  an  injurious  effect  on  the  elasticity  of  the 
organ,  cHpecially  if  developing  rapidly  and  lasting  long.  But 
it  would  appear  that  many  diseased  conditions,  which  per  se 
have  little  connection  with  the  lungs,  are  by  no  means  with- 
out influence  on  the  elasticity  of  these  organs.  At  any  rate 
I'erls,*  on  mcasuriug,  according  to  the  method  of  Bonders, 
by  a  tracheal  manometer,  the  amount  of  retraction  of  the 
lung  occurring  after  opening  the  pleural  cavity  in  cases  of 
typhoid  fever  and  acute  phosphorus  poisoning,  found  very 
low  figures,  but  no  local  disease  of  the  lung  to  account  for 
them,  a  result  which  seems  all  the  more  remarkable,  as  he 
failed  to  meet  it  in  other  acute  general  diseases,  e.  g,  in  typhus 
and  septicemia.  Hence  it  is  possible  that  individual  differ- 
ences in  the  amount  of  elasticity  were  in  question,  especially 
as  such  difTeronces  may  here  be  very  great.  As  regards  that 
disease  in  particular,  in  which  the  deficient  elasticity  of  the 
«  Perb,  <  D.  A.  f .  klin.  Med./  vi,  p.  i. 
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pulmonary  tissue  forms  the  central  point  of  all  the  patholo- 
gical phenomena,  it  may  be  looked  upon  as  established  that, 
in  a  great  number  of  cases  at  least,  the  deficiency  dejisnds 
on  a  cofujcnital  ipiperfection  and  inadequate  development  of  Die 
\lafftic  tissue  of  the  lungs.*  I  refer  to  that  extremely  common 
faction,  which  ia  usually  termed  both  by  the  public  and 
by  ph3''9iciaus,  pulmoiiary  emphysema,  though  we  shall,  with 
Trauboj  more  correctly  call  it  volumen  pulmonmn  auctum.  It 
is,  at  any  rate,  to  this  condition  that  the  usual  description  of 
the  symptoms  of  emphysema  applies,  the  barrel-shaped  thorax, 
tlie  low  level  of  the  diaphragm,  the  slight  praacordial  duluessj 
&c, ;  and  it  is  this  afEection  that  is  ho  prone  to  be  inherited 
in  certain  families,  and  to  give  rise  even  in  the  children  to 
the  most  severe  disturbances  of  respiration.  Since,  however, 
this  change  usually  involves  the  whole  of  both  lungs,  the 
simple  increase  in  volume,  or  false  emphysema^  is  generally 
much  more  important  pathologically  than  is  the  true  emphy- 
fiema  of  the  pathological  anatoiuisi.  For  this  latter  aflFection, 
which  is  characterised  by  defects  in,  and  the  disappearance 
of,  alveolar  septa,  and  the  consecutive  union  of  several  pul- 
monary vesicles  to  form  more  or  less  large  air-sacs,  ia  usually 
limited  to  circumscribed  portions  of  the  lung,  while  the  rest 
of  the  pulmonary  parenchyma  is  normal  in  constitution  and 
performs  its  functions  normally,  In  those  very  rare  cases, 
it  ia  true,  in  which  the  emphysema  implicates  all  the  lobes, 
and  converts  both  lungs  into  a  system  of  thin-walled  air-sacs, 
it  is  obvious,  without  further  proof,  that  the  expiratory  con- 
traction must  if  possible  bo  still  more  difficult  than  in  the 
large  lungs  with  a  defective  development  of  elastic  tissue. 

There  ure,  as  yon  perceive,  a  great  many  possible  impedi- 
menta to  the  entrance  and  renewal  of  air  in  the  alveoli.  But 
whether  the  pulmonary  vesicles  are  filled  with  solid  or  with 
tiuid  materials,  whether  they  are  compressed  or  atelectatic, 
whether  their  inspiratory  expansion  or  their  expiratory  con- 
traction is  interfered  with,  the  immediate  result,  so  far  as 
rehpiration  is  concerned,  must  invariably  amount  to  a  loss. 
For  the  alveoli  whose  change  of  volume  is  opposed  by  obstacles 
will  either  take  a  smaller  share  than  normal  in  the  respira- 
tory interchange  of  gases,  or  if  fully  occluded  will  not  parti- 
*  C(.  Kpiring^r, '  Prug.  Vierteljahrracbriftv'  cxxxii,  Orig.-Aafs.,  p.  i. 
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cipate  in  it  at  all.  If^  however,  the  exclasion  of  some  of  the 
bronchi  is  unattended  by  damage  to  the  organism,  this  will, 
it  is  evident,  no  less  be  the  case  when  a  few  alveoli  are  lost 
to  respiration  :  more  especially  if  the  body  be  kept  in  repose, 
t.  e.  if  the  demand  for  oxygen  be  slight,  the  loss  even  of  ex- 
tensive groups  of  alveoli  will  not  be  followed  by  any  respi- 
ratory disturbance  or  injury  to  the  patient's  general  condi- 
tion. And  it  will  appear  no  less  plausible  to  you  that  the 
organism  should  more  snccessfally  accommodate  itself  to  the 
diminished  respiratory  surface,  the  more  slowly  the  diminu- 
tion takes  place.  It  is  for  this  reason  that,  as  already  pointed 
out,  persons  affected  with  kyphoskoliosis  or  with  extensive 
pleuritic  adhesions  are  usually  quite  free  from  dyspncea ;  and 
physical  examination  often  enough  reveals  the  presence  of 
very  considerable  pleuritic  transudation  or  of  evident  conden- 
sation of  the  parenchyma,  though  the  patient's  mode  of  respi- 
ration would  not  point  to  anything  abnormal  in  the  thorax. 
On  the  other  hand,  the  organism  reacts  more  energetically 
to  an  extensive  loss  of  alveoli  in  proportion  as  this  takes  place 
rapidly.  Hence  it  is  that  acute  cedema  of  the  lungs  gives 
rise  to  such  stormy  symptoms,  and  that  pneumothorax  has  a 
similar  effect  when  involving  a  lung  which  till  then  had  re- 
spired normally ;  for  if  the  lung  from  which  air  has  escaped 
into  the  pleural  cavity  is  extensively  infiltrated  or  its  density 
otherwise  increased,  or  if  it  contains  a  number  of  large 
cavities,  as  often  happens  in  the  phthisical,  the  pneumothorax 
may  occur  without  being  noticed  and  almost  without  symptoms. 
An  inflammatory  infiltration  developing  in  a  very  short  time 
in  croupous  pneumonia  will  be  much  worse  borne  than  will  an 
equally  large  but  more  slowly  developed  caseous  or  gelatin- 
ous infiltration  ;  and  that  the  dyspncea  in  acute  miliary  tuber- 
culosis is  invariably  strikingly  in  excess  of  that  occurring  in 
chronic  tuberculosis,  even  when  the  amount  of  chronic  con- 
densation does  not  fall  short  of  the  sum-total  of  the  acute 
nodules,  this  too  depends  in  a  great  measure  on  the  acuteness 
of  the  process.  There  is  present,  it  is  true,  in  many  of  these 
diseases  an  additional  factor,  which  interferes  with  the  accom- 
modation, and  hence  with  the  correction  of  the  evil,  namely 
the  pyrexia.  For  the  pyrexia,  by  increasing,  on  the  one 
hand,  the  production  of  carbonic  acid,  and,  on  the  other,  the 
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froqucncy  of  tho  pulso  and  respiralionB^  aud  thus  augmentiag 
the  muscular  work  done  by  the  individual,  causes  a  decidedly 
greater  demand  for  oxygon,  and  thus  gives  increased  import- 
ance to  any  diminution  o£  the  respiratory  surface.  In  fact* 
the  importance  of  pyrexia  aa  regards  tho  question  now  en- 
gaging  our  attention  is  taught  by  the  circumstance  that  respi- 
ration La  much  less  hampered  by  cancerous  or  sarooinatoua 
nodules  thiiu  by  equally  extensive  iuflammatory  infiltrations, 
aud  iH  more  especially  shown  by  the  stale  of  pneumonic 
patients  before  and  after  the  crisis  ;  for  though  so  far  the  infil- 
tration has  not  been  altered,  the  same  patient  who,  up  to  the 
crisis,  presented  the  most  marked  dyspnoea,  now  breathes 
much  more  quietly,  indeed,  almost  as  in  health. 

If  these  facts  be  given  their  due  weight,  it  is  easy  to  under- 
Btaud  that  a  slight  toss  of  alveoli  may  at  one  time  produce  a 
degree  of  respiratory  disturbance  greatly  in  excess  of  that 
which  at  another  time  attends  a.  much  more  considerable  loss. 
Bulit  isevidentiD  general  that,  ca^^6riffpaW2>i^«, the  respiratory 
disturbance  will  be  greater  as  the  respiratory  surface  is  dimin- 
ished. The  more  extensive  the  infiltration,  the  compression^ 
or  the  atelectasis,  while  the  demand  for  oxygen  continues  as 
before,  the  less  capable  will  the  ordinary  respirations  be  of 
satisfying  this  demand,  and  the  more  marked  will  be  the  dys- 
pncea.  Tho  mode  in  which  the  latter  expresses  itself  under 
these  circumstances  is  by  no  means  always  the  same.  As  a 
general  rule,  it  is  true,  the  frequency  of  the  rcspiratiom*  is  in- 
creased. This  applies,  in  the  first  place,  to  all  those  fao- 
(orSi  of  tho  category  just  discussed,  which  are  accompanied  by 
pyrexia,  if  for  no  other  reason,  because  of  the  effect  of  the 
rise  of  temperature  in  accelerating  respiration.  It  applies, 
next,  to  cases  where  a  deep  respiration  would  be  attended  by 
j)at)i,  and  the  breathing  is  therefore  shallow,  as  in  pneumonia 
■nd  plenritis  ;  since  in  these  oases  the  increase  of  frequency  is 
the  only  possible  means  of  augmenting  respiration.  Further, 
it  is  obviously  true  also,  when  large  portions  of  the  lungs  are 
positively  prevcnt^nl  from  freely  expanding,  as  in  all  somewhat 
con&idonvble  space-reducing  factors  in  the  thorax.  And,  lastly, 
in  some  cases  it  is  the  irritation  of  the  termiuations  of  the 
vagus  in  the  lung,  of  which  mention  has  been  made  in  connec- 
tion with  bronchitis  (vol.  iiijp.  1006)  that  gives  rise  to  an  in- 
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creased  frequency  of  the  roBpirations  in  a  reflex  manner. 
"While  we  have  here  to  deal  with  freqnentand  not  abnormally 
deep,  but  as  a  rule  shallow,  respirations,  both  changes — in- 
creased frequency  and  augmejited  ener^y-^may  conoar  under 
certain  circumstancefl,  e.  g,  in  the  highest  degrees  of  dyapncuft, 
such  as  arise  in  acute  unilateral  pneumothorax  over  a  lung  in 
which  respiration  was  previously  free,  and  more  particularly 
in  acute  general  pulmonary  oedema.  Yet  the  increase  of  re- 
spiratory frequency  is  very  far  from  a  necessary  event  in  the 
category  now  under  discuesion ;  elow  breathing  is  sometimes 
met  with,  e.  g.  in  emphysema  and  in  open  pneumothorax, 
especially  when  this  is  bilateral.  That  it  must  be  so  appears 
from  the  Hering-Breuer  law  ;  for  when,  in  extensive  emphy- 
sema, the  lungs  cannot  fully  contract,  expiration  is  not  eo 
promptly  at  an  ond,  nor  is  inspiration  so  promptly  called 
forth,  as  in  a  normal  condition,  and  the  breathing  becomes 
retarded,  there  arises  an  expiratory  dyspncoa.  In  pneumo- 
thorax an  exactly  opposite  condition  prevails,  and  the  lung 
is  unable  to  expand  ;  and  after  making  an  incision  through  au 
intercostal  space  on  both  sides  in  the  rabbit,  you  find  that 
most  laborious  and  prolonged  iuspiratums  are  the  result, 
while  their  number  is  very  considerably  diminished,  but  &t 
once  increases  on  occluding  the  openings. 

That  a  bilateral  open  pucuniothorax  or  a  general  pulmo- 
nary ocdeniaj  which  does  not  rapidly  pass  off,  must,  despite 
the  most  vigorous  dyspnoeic  respiration,  very  speedily  tenni- 
nato  life,  need  hardly  be  mentioned  :  it  is  not  so,  however, 
with  the  other  impediments  to  respiration  of  the  last-described 
category.  In  these,  dyspnneic  breathing  is  a  means  of  com- 
pensation of  the  most  efficient  and  helpful  kind,  llie  extent 
to  which,  as  a  matter  of  fact,  the  organism  is  capable  of  meet- 
ing these  obstacles  by  a  change  in  the  respiratory  mechanism, 
wo  learn  with  numerical  exactness  from  an  interesting  Borica 
of  experiments  by  Weil  and  Thoma.*  On  injecting  into  one 
pleural  cavity  of  a  rabbit  a  moderate  quantity  of  fluid  cacao- 
butter,  or  on  producing  a  closed  unilateral  pneumothorax  by 
means  of  a  fine  trocar,  they  found  that — just  as  in  K6hlcr*8 
animals  with  stenosis  of  the  trachea — the  quantity  of  air 
^'tjfjrire.d  in  thf.  unit  of  lime  doet*  not  merely  not  decrttO«e« 
•  Weil  uud  Thomu.  '  Vlrch.  A./  Uav,  pu  4S3. 
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bat  increases.  This  compensation  has,  it  is  true,  its  limits. 
Wben  the  quantity  of  cacao-butter  injected  is  bo  great  that 
the  heart  and  mediastinum  are  pushed  far  over  to  the  opposite 
side,  and  the  diaphragm  caused  to  arch  towards  the  abdo- 
men, or  when  one  lung  is  rendered  useless  for  respiration  by 
making  a  widely  gaping  orifice  through  an  intercostal  npace 
— in  which  case  also  there  occurs  a  lateral  displacement  of 
the  Tuediastinnm  and  heart, — complete  compensation  is  no 
longer  possible  ;  the  animal  then  takes  with  each  inspiration 
less  air  than  in  a  normal  condition,  and  since  there  is  besides 
a  fall  in  the  number  of  respirations,  the  result  must  be  a  toler- 
ably considc^rablo  reduction  in  tho  amount  of  air  respired  per 
minute.  Moreover,  K.  MoUer*  found,  in* patients  suffering 
from  lung  diaease,  on  determining  by  Pottenkofer's  appa- 
ratus the  excretion  of  carbonic  acid,  that  their  exchange  of 
gases  did  not  differ  essentially  from  that  of  healthy  indi- 
viduals— a  result  fully  borne  out  by  daily  experience  in  human 
pathology.  It  may  happen  now  and  then  that  a  person  quickly 
succumbs  through  asphyxia  to  a  unilateral  pneumothorax  or 
to  an  infiltration  or  compression  of  the  lung  which  extends 
rapidly ;  bat  that  death  does  not  necessarily  occur  is  most 
strikingly  taught  by  tho  far  from  rare  instances  of  recovery 
from  double  pneumonia,  from  severe  pleuritis  with  voluminous 
exudation,  or  oven  from  unilateral  pneumothorax.  And  though 
in  many  other  cases  where  the  impediment  involves  the  alveoli, 
recovery  cannot  from  tho  nature  of  tho  case  take  place,  still 
it  is  within  tho  daily  experience  of  every  physician,  that  in 
bilateral  caseous  infiltration,  extensive  cirrhotic  condensation, 
largo  aneurysms,  extreme  emphysema,  the  patient's  life  may 
be  greatly  prolonged  by  means  of  the  dyspnoeic  respiration. 
As  already  pointed  out,  the  permanent  imporviousness  of 
large  groups  of  alveoli  is  not  uncommonly  attended  by  a  t/i/a- 
tatwn  of  the  viiddle  and  sviaUer  bronchi  leading  to  the  groups 
as  the  result  of  tho  same  inspiratory  pull  which  brings  about, 
in  other  portions  of  the  lung,  the  compensatory  infiatiou  of 
the  open  alveoli.  ThiH  happens  chiefly  in  indurattvo  and 
cirrhotici  so-called  interstitial,  processes  In  the  lungs,  and 
will  the  more  certainly  occur  when  at  the  same  time  firm 
adhesions,  with  a  tendency  to  contraction,  connect  tho  two 
*  K.  MOU«r.  *  ZUcb.  {.  Biolov.,*  xiv,  p.  54a. 
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layers  of  the  pleara,  while  the  thorax  is  not  so  pliable  or 
yielding  as  in  a  normal  condition. 

Effects  identical  with  or  resembling  those  which  impair  re- 
spiration as  the  result  of  complete  or  partial  stenoses  of  the 
air-passages  cannot  of  course  be  expected  to  attend  their  a6- 
normal  dilatatioii,  when  the  air  may  enter  in  a  manner  d,if~ 
f&rent  from  that  which  prevails  in  a  physiological  condition. 
For  since  the  quantity  entering  the  thorax  is  very  far  from 
increasing  with  the  size  of  the  opening — the  amount  being 
determined  by  the  depth  and  number  of  the  inspirations^ — 
the  respiratory  exchange  of  gases  is  not  at  all  influenced  by  en- 
largements of  the  4umen  of  the  air-canal  through  defects  due 
to  ulceration^  or^  in  the  glottis^  by  muscular  paralysis^  or  again 
by  the  presence  of  abnormal  openings  in  addition  to  the  nataral 
orifice,  as  in  wounds  of  the  larynx  and  trachea.  Not  so,  how- 
ever^ with  phonation.  For  since  this  depends  on  the  setting 
up  by  the  expii-atory  stream  of  sonorous  vibrations  of  the  vocal 
cords,  while  these  are  approximated  together  and  put  more  or 
less  on  the  stretch,  it  will  be  rendered  impossible,  or  at  least 
impaired,  if  large  portions  of  the  cords  are  destroyed,  or  if, 
owing  to  paralysis  of  the  recurrent  larjmgeal,  they  cannot  be 
approximated,  or  if,  lastly,  the  expired  air  finds  a  means  of 
escape  before  reaching  the  glottis.  Yet  even  if  this  function 
of  our  respiratory  apparatus  be  altogether  neglected,  it  is  of 
great  importance  to  respiration  that  the  air-paasages  form  a 
comparatively  long  andnarrow,  closed  and  protected  tuhe'System, 
For,  firstly,  this  is  the  most  convenient  and  certain  means  of 
securing  that  the  atmospheric  air  shall  reach  the  pulmonary 
alveoli  in  a  suitable  condition,  despite  its  enormous  variations 
in  temperature  and  moisture — although  it  appears  that  the 
guppljdng  tube  is  unnecessarily  long  for  this  purpose.  Ex- 
periments, which  B,  Heidenhain'*^  carried  out  in  my  labora- 
tory, have  demonstrated  that  the  length  of  the  trachea  alone 
is  quite  sufficient.  When  Heidenhain  caused  dogs  to  breathe 
air  of  different  temperatures,  either  very  much  cooled  or 
greatly  heated,  through  a  tracheal  cannula,  a  thermometer 
pushed  on  as  far  as  the  bifurcation  showed  no  noteworthy  de- 
parture from  the  temperature  of  the  animal's  blood,  provided 
*  B.  Heid«nbaiii» '  Virohr  A./  Ixx,  p«  441. 
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ihe  air  inspired  was  dry.  When,  howeyer,  the  hot  air  was 
saturat'ed  with  vapouTj  the  luorcury  ro^e  rapidly,  and  there 
w&H  accordingly  developtnl  in  anhort  time  an  extensive  cronp 
of  the  trachea  and  brouchi,  though  the  breathing  of  dry  air 
was  unattended  by  morbid  consequences.  The  nature  of  this 
capacity  of  the  organism  to  promptly  equalise  such  variations 
of  t-empcraturo  has  not  been  satisfactorily  cleared  up  by 
Heidenhain  ;  the  importance  of  evaporation  is  cleorly  taught 
by  the  opposite  results  which  attended  the  respirationof  heated 
vapour,  and  it  is  not  iinposbible,  despite  these  striking  con- 
traats,  that  had  the  inspiration  of  dry  air  been  continued  for 
a  considerably  longer  period  than  the  twenty  to  thirty  minutes 
adopted  by  Heidenhain,  there  would  then  also  have  been  a 
rise  of  temf>erature  in  the  bronchi.  There  is  another  advan- 
tage^ no  less  important  and  more  easily  understood,  which 
accrues  to  respiration  from  the  length  and  narrowness,  the 
tortuous  course  of  the  air-passages,  and  the  numerous  folds 
and  projections  of  their  walls,  namely,  the  protection  of  the 
deeper  portions  of  the  apparatus,  and  especially  the  respira- 
tory surface,  against  the  intrusion  of  bodies  which  should  not 
enter  them.  For,  normally,  air,  and  nothing  but  air,  should 
enter  the  lungs.  A  small  amount  of  secretion  must,  it  is  true, 
be  produced  by  the  mucous  mcuibrano  of  the  air-passages  in 
order  to  protect  them  against  dryiug,  fur  the  respiratory  ex- 
changeofgnses  would  be  enormously  impeded  were  the  internal 
surface  of  the  lungs  covered  by  a  kind  of  epidermis  ;  still,  as 
yon  know,  the  cilia  by  their  movements  secure  that  the  mucous 
coating  shall  not  normally  be  more  than  a  very  thin  and  deli- 
cate layer.  If,  however,  any  corpuscular  particles  are  mingled 
with  the  inspired  air,  they  become  arrested  at  the  bends  and 
projections  of  the  bronchi,  and  there  remain  till  conveyed 
away,  like  the  superfluous  mucus,  by  the  vibratory  movements 
of  the  cilia. 

But,  however  admirably  this  protective  mechanism  may 
act,  and  though  innumerable  particles  are  arrested  on  their 
way  to  the  alveoli  and  removed  from  the  air-passages  by  the 
aid  of  the  ciliated  epithelium,  yet  the  organism  is  very  far 
from  able  to  completely  protect  the  lungs  againnt  thi*  intru- 
sion of  foreign  matters.  This  applies,  in  the  first  place,  to 
the  substjinces  which  are  suspended  in  a  state  of  minute  divi- 
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Bion  in  the  atmosphere.  The  air  breathed  by  na  is  certainly 
pure  above  the  snow-line  on  the  sides  of  snow-oovered  moun- 
tains ;  bat  as  for  its  claim  to  this  title  in  inhabited  and  closely 
bailt  districts,  on  this  point  the  cities  more  especially  have  a 
story  to  tell.  We  need  not  go  to  factories  and  workshops, 
where  clouds  of  the  materials  employed  are  constantly  fill- 
ing the  atmosphere.  Think  of  the  masses  of  finely  divided 
carbon  or  soot  which  611  the  air  of  our  busy  cities  and  the 
rooms  of  the  poorer  classes,  heat<ed  as  they  are  by  badly  con- 
Btmcted  stoves  and  lighted  by  inferior  lamps.  Think,  too, 
of  the  dust  of  our  roads  nnd  streets,  which  consists,  as  yott 
know,  of  a  mixture  of  nand  and  chalk,  together  with  a  great 
variety  of  organic  particles.  Now,  of  these  impurities,  a 
great  portion  wilt,  it  is  true,  be  arrested  in  the  larger  air-paa- 
sages  ;  still  a  quantity  will  escape  and  pass  through  the  entire 
bronchial  tree  till  it  reaches  the  alveoli,  where  it  is  no  longer 
threatened  by  the  ciliary  movements.  In  addition  to  these 
minute  particles,  larger  ones,  to  remove  which  the  oilia  are 
powerless,  may,  as  I  recently  stated  (vol.  tii,  p.  1007),  occa- 
sionally  grtin  an  entrance  to  a  perfectly  healthy  Inngj  and  I 
then  referred  to  the  conditions  under  which  this  accident  most 
readily  takes  place.  Those  who  most  frequently  of  all  are  ex- 
posed to  it  are  persons  who,  for  some  reason  or  other,  require 
to  be  fed  artificially  by  the  CBsophagejil  tnbe  ;  not  becanso  the 
tube  may  be  falsely  introduced  into  the  trachea,  but  beOftoee 
during  its  withdrawal  a  few  drops  of  the  contents  may  only 
too  easily  be  sucked  into  the  larynx  at  tho  moment  when  tho 
lower  opening  of  the  tube  is  passing  the  aditu»  laryngi$. 

But  an  event  which,  while  therespiratory  apparatus  is  intact, 
will  happen  only  as  a  special  accident,  may,  it  is  obvioDSi 
only  too  readily  take  place  when  the  protective  arrangements 
of  the  air-tube  perform  their  functions  imperfectly.  Theee 
protective  mechanisms  consist,  as  you  know,  of  the  mocotte 
membrane  of  tho  noso  with  the  folds  and  elevations  prodaced 
by  the  turbinated  bones,  of  the  epiglottis,  and  of  H  '  'i^, 
or  rather  the  vocal  cords.      No  one  of  these  is  11-  ud 

there  can  be  no  donbt,  for  example,  that  more  dost  entors 
the  lungs  when  the  turbinated  bones  are  destroyed  and  the 
exterior  of  the  uose  or  it*  wptum  is  defective.  As  a  protec- 
tion against  coarser  foreign  bodies,  however,  the  naaal  cavity 
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is  of  little  tnomeDt,  since  the  great  majority  of  thern  enter 
the  longs  from  the  mouth.  In  this  case  the  epiglottis  is 
certainly  infinitely  more  important,  although  its  value  as  a 
guard  has  often  been  exaggerated.  During  the  normal  aot 
of  deglutition  the  root  of  the  tongae  is  so  placed  in  front 
and  above  the  entrance  to  the  larynx  that  it  suffices,  withoat 
the  aid  of  the  epiglottis,  to  close  the  aperture  against  the  in- 
gesta.  In  dogs  who  hiid  swalluwod  a  strong  dyo  made  from 
aliaarinoy  the  epiglottis  wa»  found  by  Scliiff*  to  have  re- 
mained completely  unstained;  and  how  slight  in  reality  is 
the  protection  afforded  by  the  epiglottis  against  the  entrance 
of  foreign  bodies  is  most  clearly  mnnifosted  by  the  fact  that, 
after  its  extirpation  in  dogB,  at  most  a  few  drops  of  liquid, 
but  no  solid  masses  or  particles  of  food,  entered  the  larynx 
during  deglutition.  With  this  fact  our  experience  on  man 
accords  completely.  Absolute  paralysis  of  the  depressors  of 
the  epiglottis — thethyro-  and  aryteno-epiglottidean  muscles — 
has  been  observed  in  consequence  of  diphtheria  of  the  pharynx 
and  also  in  bulbar  paralysis,  in  which  cases  the  epiglottis 
stAuda  up  immoveable  ;  and  we  have  still  more  frequently  the 
opportunity  of  seeing  complete  absence  of  the  epiglottis  as 
the  result  of  syphilitic  or  tubercular  ulceration  :  in  such 
patients^  however,  there  is  no  imminent  danger  that  food  or 
drink  may  escape  into  the  air-passages — so  long  at  letutt  fis  ihe 
glollijt  actti  normally.  On  the  glottis  rests  the  chief  respon- 
sibility. The  lungs  of  an  individual  in  whom  the  vocal  cords 
are  intact,  in  whom  the  closers  of  the  glottis  can  adequately 
eoutract,  and  in  whom  the  mucous  membrane  of  the  glottis 
retains  its  sensibility,  are  not  threatened  to  any  extraordinary 
degree  by  foreign  bodies.  But  the  position  of  such  a  patient 
is  proportionately  serious  when  the  vocal  cords  are  more  or 
less  destrojred  by  ulceration,  or  when,  owing  to  paralysis  of 
the  recurrent  nerve,  the  mucous  membrane  has  lost  its  sensi- 
bility and  the  glottis  its  power  of  movement.  For  the  patient 
is  then  exposed  not  only  to  the  danger  that  food  may  enter 
the  respiratory  apparatus  daring  a  meal,  but  to  the  risk  that 
saliva  and  buccal  mucus  may  at  any  moment  flow 
trachea — just  as  in  a  rabbit  after  division  of  the  vaj 
Lower  than  the  glottis  there  is  no  *.•■ 'v-i  »-■•'. 
•  Scliiff  "Molwcbott**  ITnUn. 


1034  THE   AIA-PAS3AGB8. 

ratuA  witbtn  the  air-passages^  and  when  large  particles  have 
pasjied  this  point  thej  cannot  be  arrested  anywhere.  Below 
it  there  is  no  necessity,  it  is  true,  for  anr  special  means  of  pro- 
tection, becaose  the  rest  of  the  air-passages  form  closed  tabes 
which  do  not  normally  commnnicate  either  with  the  external 
snrface  of  the  body  or  with  any  of  the  internal  cavities. 
Foreign  bodies  cannot,  therefore,  enter  the  air-passages  below 
the  glottis  except  ichen  the  valU  of  the  air-tube  are  mfmeweher^ 
interrupted.  By  such  an  intermption,  an  open  commanication 
mar  be  established  between  the  larynx  or  trachea  and  the 
atmosphere^  as  occurs  in  tracheotomy,  an  operation  so  often 
performed  at  present  that,  in  comparison,  the  extremely  rare 
and  yery  minute  congenital  fiitulse  of  the  trachea,  as  well  as 
carcinoma  of  the  larynx  perforating  externally,  are  quite 
subordinate.  Abnormal  communications  may  also  not  un- 
commonly be  produced  between  the  trachea  or  a  chief  bron- 
chus and  the  oesophagus,  in  consequence  of  epithelioma  of  the 
gullet ;  and  such  a  perforating  growth  may  often  bring  about 
a  further  communication  with  the  pericardium,  or  with  a  gan- 
greuous  focus  in  the  lung,  or  with  the  cellular  tissue  of  the 
mediastinum.  Moreover,  a  suppurating  tracheal  or  bronchial 
lymphatic  gland  may  not  infrequently  penetrate  the  air-pas- 
sages, and  I  have  already  referred  to  the  possibility  that  a 
large  aneurism  may  open  into  the  trachea  or  bronchos  after 
gradually  thinning  their  walls. 

To  all  these  must  be  added  the  various  pathological  pro- 
ducts which^  originating  in  the  respiratory  apparatuB  itself, 
are  derived  from  the  pulmonary  tissue  or  bronchial  walls,  and 
have  entered  the  air-passages.  I  refer,  as  yon  know,  to  the 
various  catarrhal,  serous,  fibrinous,  and  purulent  inflammatory 
products ;  further  to  blood,  the  transudation  in  mechanical 
h>peraamia,  to  shreds  of  necrotic  tissue,  &c. ;  and  there  is  the 
less  necessity  to  dwell  on  these  processes  as  we  have  very  nn 
cently  considered  them  as  factors  by  which  the  access  of  air 
to  the  bronchi  or  alveoli  may  be  interfered  with  or  prevented. 

On  that  occasion  we  also  thoroughly  discussed  some  of  the 
pernicious  effects  which  arise  for  the  organism  from  the  pre- 
sence of  foreign  substances  in  the  interior  of  the  air-passages, 
and  you  will  presently  hear  of  some  other  no  less  considerable 
evils.     But  if  yon  reflect  how  numerous  are  the  possibilitieSj 
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and  how  groat  therefore  the  probabitities,  that  something  be- 
sides air  may  enter  the  lungs,  jou  will  be  inclined  to  wonder 
not  so  much  that  disturbances  of  the  respiratory  apparatus 
should  rank  so  high  amongst  the  diseases  to  which  humanity 
Is  liable,  as  that  there  should  be  any  individuals  in  existence 
whose  lungs  continue  normal  in  constitution  and  regulur  in 
function.  In  fact,  the  respiratory  apparatus  of  most  of  as 
would  be  in  a  much  worse  state  than  is  actually  the  case,  were 
it  not  that  the  organism  has  the  power  of  removing  foreign 
bodies  from  the  air^pa^sages  in  another  way  than  by  means  of 
the  ciliated  epithelium.  For  this  purpose  it  han  recourse  to 
the  explosive  expiratory  impulses  which  we  call  gneezing  and 
roughing.  These  are  both  reflealy  initiated,  as  a  rule,  though 
coughing  may  also  be  voluntariiy  induced  ;  and  the  two  re- 
semble each  other  in  that  after  a  deep  inspiration  the  air-pan* 
Mage  is  cloned,  and  then  nuddeiily  opened  try  violent  8j)aA7nod%Cp 
expiratory  movementM^  acrorupanied  by  a  loud  noiae.  In  Hneez- 
iug  the  clusun?  is  effected  by  the  application  of  the  soft  palate 
against  the  wall  of  the  pharyuxj  in  coughing  by  the  closed 
glottis. 

The  liability  to  sneezing  displayed  by  different  persons 
is  very  unequal.  Many  sneeEe,  you  are  aware,  on  simply 
looking  at  the  sun  ;  and  indeed  some  people  are  attacked  by 
it  the  moment  the  skin  is  exposed  to  a  curreut  of  cold  air. 
The  sitDation,  however,  from  which  sneezing  is  by  far  roost 
frequently  initiated  is  the  mucous  membrane  of  the  nose,  or 
rather  the  sensory  fibres  of  the  trigeminus  terminating  in 
it.  As  for  coughing^  its  true  typical  nerve  is  the  superior 
laryngeal  or  its  sensory  terminationa  in  the  mucous  mem- 
brane of  the  larynx.  On  touching  the  niucoue  membrane 
below  the  glottis,  in  a  cat  or  dog,  with  a  fine  catheter  intro- 
duced into  the  larynx,  coughing  is  at  once  set  up,  especially, 
on  the  least  touch,  if  the  catheter  comes  into  contact  with  the 
poBterior  wall.  Tet  it  is  not  only  the  excitation  ot  the  nerves 
of  the  larynx  that  sets  up  coughing.  In  the  trachea,  the 
mucous  membrane  of  the  purit  fibrosa  is  hardly  less  sensitive 
than  that  of  the  larynx,  and  in  the  remainder  of  the  wall 
also  the  impulse  to  cough  may  be  produced  at  least  by  for- 
cible contact.  It  is  very  promptly  set  up  by  touching  the 
bifurcation^  and  even  when  the  catheter  is  pushed  on  into 
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the  bronchi^  the  animals  coagH,  as  a  rule,  as  often  as  tbe 
mucous  menabrane  is  somewhat  firmly  touched.*  But  the 
coughing  reflex  may  also  sometimes  be  called  into  action  from 
regions  outside  the  respiratory  apparatus,  e.  g,  the  meatus 
anditorius  extemns  to  which  the  auricular  branch  of  the  vagus 
is  distributed,  or  the  root  of  the  tongue  to  which  a  small  twig 
of  the  superior  laryngeal  passes  ;t  and  particularly  senaitive 
people  cough  even  on  exposure  of  the  skin  to  a  draught  of 
cold  air,  t.  e,  on  excitation  from  parts  which  are  not  sup- 
plied by  the  vagus.  But  in  considering  the  subject  one  other 
point  must  be  borne  in  mind,  namely  that  in  a  pathological  con- 
dition  there  may  he  greatly  increased  sensibility  to  these  reflexes* 
This  applies  undoubtedly  in  a  simple  quantitative  way  to  the 
usual  seats  of  excitation.  A  person  whose  nose  and  larynx  are 
healthy  sneezes  or  coughs  only  when  coarser  particles  or  irri- 
tant gases  enter  the  respective  cavities.  A  person,  on  the  con- 
trary, with  a  cold  in  the  head  or  a  catarrh  of  the  larynx,  sneezes 
or  coughs  on  breathing  pure,  cold,  or  very  warm  air,  and  more 
especially  air  containing  dust;  t.  e.  as  the  result  of  such  trifling 
causes  that  the  coughing  is  apparently  spontaneous.  This 
increased  sensitiveness  of  the  bronchial  mucous  membrane, 
this  ready  excitability  of  its  sensory  vagus  terminations,  ex* 
plains  why  coughing  occurs  in  bronchitis,  not  simply  when 
the  bronchi  are  filled  by  an  abundance  of  mnco-purulent  se- 
cretion, but  previous  to  this,  before  much  secretion  is  pro- 
duced, and  especially  too  in  catarrhe  sec,  of  which  the  small 
amount  of  secretion  is  characteristic.  No  less  dependent  is 
the  frequent  coughing  in  all  ulcerations  of  the  mucous  mem- 
brane of  the  respiratory  apparatus,  and  chiefly  of  the  larynx, 
on  the  increased  irritability  of  the  stumps  of  the  sensorynerves, 
which  have  been  deprived  of  their  protective  coverings  by  the 
ulceration.  Furthermore,  there  is  ample  evidence  to  show 
that  regions  from  which  reflex  coughing  cannot  normally  be  set 
up  may  become  its  starting-point  in  pathological  conditions. 
This  is  probably  the  explanation  of  the  fact  that  persons  with 
fresh  pleuritis  generally  feel  a  strong  impulse  to  cough,  al- 

*  Nothnagel,  *  Virch.  A./  zliv,  p.  95;  Kohta,  ibid.,  Ix,  p.  191;  Stork, 
'  Wien.  med.  Wocheiuchrift/  1876,  No.  aS,  et  »eq. ;  Kaodaruki, '  Pflug.  A.,* 
xxvi.  p.  470. 

t  Briioke,  *  Vorle*.  ub.  Phj«,,*  ii,  p.  97. 
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tbough  touching  of  the  healthy  pleura  of  a  dog  is  not  followed 
by  coughing.  Should  it  be  thoug-ht,  howovurj  thut  bceuusa 
violent  and  persistentcoughiDg  sometimes  terminates  in  vomit' 
ing^  the  cough  is  therefure  reflexly  excited  from  the  stomachy 
thia  18^  in  my  opinion,  an  erroneous  idea.  For  to  say  nothing 
of  the  fact  that  in  per8onH  who  vomit  readily^  and  hence  ea- 
pecially  in  children,  the  forced  expiratory  impulses  accom- 
panying coughing  may  give  rise  to  vomiting  directly  by  ex- 
pressing the  contents  of  the  stomach,  Edleftsen'*'  has  rightly 
CttUed  attention  to  the  case  with  which  tenacious  masses  of 
secretion,  when  coughed  out  of  the  bronchi^  may  adhere  to 
the  posterior  wall  of  the  pharynx  or  to  the  velum,  and  from 
these  sensitive  spots  may  initiate  vomiting.  It  has  not  hitherto 
been  possible  in  physiological  experiment  to  excite  coughing 
from  the  stomachy  and  you  will  do  well,  I  think,  in  meanwhile 
refusing  to  accept  the  occurrence  in  pathology  also  of  a  "  sto- 
mach-cough/' 

Yeb  we  have  to  deal  not  only  with  a  morbidly  inoreaaed 
iuoUnation  to  sneering  and  coughing,  but  also  with  o  dtvUiiu- 
twn  of  vrritahiHtij  of  the  muvmis  vmnhrane  in  queutimi.  That 
]>erson8  whose  larjux  is  autusthelic  will  not  cough,  even  dur- 
ing an  attack  of  laryngitis,  and  that  comatose  patients  will 
not  react  by  a  fit  of  coughing  to  every  fragment  of  food  that 
toay  enter  the  larynx,  I  ueedly  liardly  say.  But  you  all  know 
from  daily  experience  to  what  extent  a  habitual  suuS-taker 
may  sne(*eed,  despite  the  perfect  sensibility  of  his  nose,  in 
dulling  the  nasal  mucous  membrane  to  intense  irritants.  The 
tame  effect  is  very  commonly  produced  on  the  bronchi  by  per- 
sistent catarrh.  Even  in  acute  bronchitis  the  coughing  is  not 
of  course  continuous,  because  for  its  reflex  initiation,  not  the 
siiinntcst  drop,  but  a  certain  quantity  of  secretion  is  required, 
and  especially  the  contact  with  a  highly  sensitive  spot  in  the 
bronchial  tree.  In  chronic  bronchial  catarrh — thai  depend- 
ing on  bronchiectasis,  for  example — very  large  quantities  of 
•ocretion  must  accumulate  before  coughingentoue&,and  in  these 
cases  consequently  nothing  is  commoner  than  its  occurrence 
in  iita  or  regular  paroxysms  separated  by  conaiderable  inter- 
vals. 

By  these  redoxes  of  coughing  and  sneezing,  the  former  of 
•  £dl«fMo,  *  D.  A.  f.  kliii.  >led^*  xx,  p.  aoa 
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which  is  incomparably  the  more  important  in  pathology,  all 
liquid  or  solid  foreign  matters  tchich  are  present  in  the  laryna^  or 
nose  are  propelled  outwards,  And  thus  as  far  as  possible  removed 
from  the  respiratory  canal.  No  each  removal  follows,  it  is 
tme,  when  the  reflex  in  question  is  set  ap  without  any  foreign 
body  in  the  air-passages,  as  in  sneezing  from  ezposore  to  a 
dazzling  light  or  coughing  through  irritation  proceeding  from 
the  meatus  ;  as  in  purely  nervous  hypersesthesta  of  the  larynx, 
and  especially  too  in  the  early  stages  of  every  rhinitis,  laryn- 
gitis, or  bronchitis,  in  which,  while  the  mucous  membrane  is 
already  abnormally  irritable  owing  to  the  inflammatory  hyper- 
semia  and  swelling,  there  is  as  yet  no  considerable  secretion. 
Laryngeal  catarrh,  however,  does  not  usually  even  in  its  subse- 
quent stages  give  rise  to  much  secretion,  and  I  have  already 
referred  to  the  forms  of  bronchitis  which  are  throughout 
almost  free  from  it.  Again,  if  the  coughing  depends  npon 
the  presence  of  ulcers  with  a  scanty  discharge,  or  of  a  small 
fixed  tumour  in  the  larynx,  it  usually  continues  dry  ;  and 
just  as  we  formerly  became  acquainted  with  infective  diar- 
rhoeas (cf.  vol.  iii,  p.  964),  i.  e.  with  diarrhceas  which  are 
conditioned,  not  by  an  enteritis,  but  simply  by  an  augmenta- 
tion of  the  peristaltic  movements  called  forth  directly  by  the 
virus,  so  I  believe  we  must  look  upon  tvssis  convidsiva  as  an 
infective  cough.  Not  merely  is  it  an  old  experience  that  in 
whooping-cough  only  small  quantities  of  secretion  are  pro^ 
duced  by  the  mucous  membrane  of  the  air-passages,  but  al] 
unprejudiced  observers  are  agreed  that  in  this  disease  the 
inflammation  of  the  larynx  and  bronchi  bears  no  relation  to 
the  violence  of  the  paroxysms  of  coughing.  This  being  so, 
shall  we  really  be  over-venturesome  in  assuming  that  the  virus 
of  whooping-cough  calls  forth  the  paroxysms  of  coughing  by 
direct  and  immediate  irritation  of  the  laryngeal  or  bronchial 
mucous  membrane  without  the  intervention  of  a  laryngo- 
bronchitis  ?  But,  however  this  may  be,  since  there  is  little 
secretion  produced  in  whooping-cough  by  the  mucous  mem- 
brane of  the  air-passages,  but  little  is  expectorated  during 
the  height  of  the  disease  by  the  spasmodic  paroxysms  of 
coughing. 

But  if  anything  capable  of  removal  be  present  in  the  re- 
F*  uial»  it  is  expelled  by  the  expiratory  impulses  known 
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as  ooQgliiug  and  sneezing.  Tbe  materials  thus  got  rid  of  are 
very  different  in  kind.  In  sneezing,  it  is  asnally  either  a 
foreign  body,  such  as  snuff,  or  a  watery  or  mucous  secretion. 
In  coughing,  foreign  bodies  also  play  a  great  part,  and  chief 
amongst  thetn  solid  or  liquid  constituents  of  the  food.  The 
commonest  form  of  accident  is  for  a  crumb  or  drop  to  enter 
the  larynx,  and  then,  on  tonching  some  part  of  the  mucous 
membrane  beneath  the  glottis,  to  set  up  a  6t  of  coughing, 
which  generally  terminates  with  the  expectoration  of  the 
cramb.  It  is  not  always  possible,  however,  to  remove  the 
foreign  body  by  the  first  few  efforts.  It  may  indeed  be  sucked 
deeperintothe  bronchi  by  the  inspiration  preceding  the  cough* 
iug,  and,  if  angular  or  pointed,  may  there  become  firmly  im- 
pacted, so  that  the  most  violent  paroxysm  fails  to  remove 
it ;  or  the  impulse  may  force  it  upwards,  but  fail  to  carry  it 
through  the  glottis,  so  that  it  is  drawn  back  into  tbe  lung  by 
the  next  inspiration  and  may  piss  into  another  bronchus, 
perhaps  of  the  opposite  side.  This  may  even  be  often  re- 
peated, and  nsually  gives  rise  to  very  striking  and  charao* 
teristic  symptoms,  owing  to  the  change  in  position  of  the  bron- 
chial occlusion.  The  second,  and  fortunately  much  less  com- 
tnon,  way  in  which  pieces  of  food  may  enter  tbe  bronchi  is 
through  an  abnormal  communication  between  the  cesophagos 
and  the  trachea.  Here  also  the  coughing  follows  quickly  on 
tbe  taking  of  solid  or  liquid  food,  though  usually  a  little  later 
than  in  the  first  mode,  not  so  much  because  the  prjrtions  of 
food  now  enter  the  air-passages  from  the  lower  section  of  the 
gullet  as  owing  to  the  greater  sensibility  of  tbe  laryngeal 
mucous  membrane. 

But  when  emphasising  the  variety  of  the  materials  expec- 
torated, I  did  not  refer  so  much  to  the  foreign  bodies  coughed 
up  as  to  the  different  pathological  products,  which,  whether 
originatiug  in  the  respiratory  apparatus  or  entering  from 
without,  are  got  rid  of  by  coughing.  From  a  theoretic  stand- 
point— or  if  yon  prefer  it,  from  the  standpoint  of  general 
pathology — the  variations  do  not  appear  to  be  great,  for  we 
have  almost  invariably  to  do  with  blood,  the  products  of  in- 
flammation, or  with  portions  of  necrotic  tissues.  Consider, 
on  the  other  hand,  what  enormous  differences  are  met  with, 
not  merely  in  the  amount  of  expectoration,  but  especially  in 
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the  relative  proportions  of  the  constitnents  jnst  mentioned  ; 
consider^  further,  how  unlike  are  the  products  of  the  various 
lornis  of  iuilammation,  and,  lastly,  what-  changes  maj  be  pro- 
duced in  the  secretions  and  indammaiory  products  bj  secon- 
dary iuduenceSy  e.  g.  putrefactive  decomposition,  and  you  will 
certainly  find  it  intelligible  that  the  subject  of  ejepeetoraiion 
should  have  become  a  well  worked-out  and  much  studied 
chapter  of  special  pathology.*  For  practical  medicine,  the 
importance  of  this  chapter  must  be  very  highly  rated,  in  par- 
ticular because  the  examination  of  the  expectoration  forms 
in  many  cases  an  indispensable  aid  to  the  diagnosis  of  pul- 
monary diseases. 

It  is  obviously  benetioial  to  the  organism  that  foreign 
bodies  which  have  entered  the  air-passages  from  without 
should  be  expelled  by  cv»ughing.  Yet  this  also  holds  good 
essoin  iaily  of  the  proper  pathological  products  which  are  ex- 
pectorated. For  the  ejected  matters  are.  it  is  true,  wichdrawn 
frv^m  the  Ivdy.  and  the  ex^>eot^  ration  cousetiueut'y  involves 
a  certain  lo»s  of  highly  orguuised  material,  ^liil  it  you  take 
the  trv^ub'.e  to  d:y  a  quantity  or  sputum  you  will  see  at  once 
how  extremely  slight  the  residue  is — a  portion  of  which,  more- 
over, consists  cf  ash-const:tue!::s.  Coiisider  in  addition  that 
the  expectcnited  matter?  are  ir.  great  part  necrotic  or  in  a 
state  o:  rutrefsciion.  tr.a:  thev  ar^»  iuacer;:k:s  which  had  thev 
re:::a:ned  in  the  org;it:ism  ruicht  have  proved  injurious,  but 
Ccr:a:::Iy  oouli  :;ot  have  lyv::  o:  niuoL  st-rvioe  to  it. 

Th- '.:.•:/..•  •.;.■'.("  _;is-^:  ir.  itse*:  ai:  iv.:i'r:Kir:antoocurrecoe. 
A  ^.I'.tary  oo::*:!*.  b.is  o:  course  no  s'gt::£.';%noe  whatever,  and 
evev.  av.  ^'r\.i::::iry  y  jr.,s_\  sii:  vi-^ie  :•:  t'::v  triitranoe  of  a  riece  of 
t.cu  :uto  the  '.Arynx  oau  scarcely  yr.ve  :r;ur:, us  to  a  healthv 
ii:u;v:dual.  It  :s  n.  t  so.  h.  wcv-  r.  wht n  the  c  :u«:h  is  ^£.s«.o:ated 
with  a  sr»isu:-d".c  f:rc.l'.o  cctifaoti. i:  or  the  :cl:tti<-oI-.  sers 
and  cv''::scci:e:::ly  w;:h  a  srast::.d:cal  y  i::tt  ::>::: rc  4c;:.:io:  ;he 
expiratory  n:uso'.es,  t::orv  tsivo  al.y  whe-Jthts  «l-:^"*...;u-  ^>  u^:\~ 
iVj-  i*  rr>eccei:;y  reivated,  as  i'^  t-s*;*  c-;::vu.>;v-i.  I:  mus: 
not  be  :..  rg^cten.  too.  thit  t^ock:  wb.^*  ccu^h  u: -ch.  ari  chirdr 
in  violent  yar.xysn-.s.  are  v-:ry  f^r  tS.t::  htAlthv,  ari  »r^ 
in  the  grva:  nia;.r:ty  o:  :-sta-^cts  :jk::ei.:s  wh;**  rvsriratorv 

tuiprllwr  m.iz  :a*  wwsr  text-  i=c  ;.c:  i->i.xiiw 
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appurataB  does  not  perform  its  functiouB  quite  normally  duinng 
the  intervals  between  the  paroxvFms.  That  a  violent  paroxy&m 
of  conghing  and  ^patmodic  cough  belong  to  the  most  painful 
ond  exhaufiting  affections,  ererjone  must  be  aware  who  haa 
once  witncftsed  such  a  paroxyem  in  a  person  with  rafarrhe  sec 
or  in  a  child  with  whoo|)ing-cough.  But  to  paRB  over  the 
suffering  produced  by  the  coughingj  two  a]>parBtus  are  chiefly 
endangered  by  it,  the  circulatory  and  the  respiratory.  The. 
paroxysm  iufluences  the  circulation  by  causing  a  nVc  of  arte- 
rial  j/ret»ura  through  the  very  vigorous  contiiictions  of  the 
expiratory  muBcleB,  but  more  especially  by  destroying  the 
negative  pressure  in  the  thorax  and  even  converting  it  into 
positive  presbure,  and  thus  ifnpedinff  the  entrance  of  ike  hlood 
frfitn  the  ttyfttpmic  veitiM  into  the  heart.  A  glance  at  the  enor- 
luouftly  bwollon  jugular  and  facial  veine,  distended  almost  to 
burstitig,  and  at  the  binish-red  hue  of  the  face,  teaches  how 
important  is  this  impediment  during  a  paroxysm  of  coughing. 
Yet  these  phenomena  speedily  disappear  when  the  attack  is' 
over,  and  even  in  long-persistent  catarrli  with  very  frequent 
nnd  violent  paroxysms  the  most  that  usually  results  is  a  cer- 
tain varicose  dilatation  of  the  superticiul  veins.  So  much  is 
this  the  case  that  when  a  patient  who  coughs  gives  actual 
evidence  of  a  lasling  increase  of  tension  in  the  veins^  it  will 
be  well  for  you  to  examine  whether  there  is  any  other  cause 
to  account  for  it.  It  is  less  by  chronic  than  by  acute  effects 
that  the  coughing  threatens  the  circulatory  apparatus  ;  the 
chief  danger  arises  from  the  sudden,  very  considerable  rise 
of  pressure  undergone  by  the  blood-stream  in  the  Bmallest 
vessels.  As  you  will  remember,  we  referred  on  a  formeri^ 
occAftiou  (v^ol.  i,  p.  391)  to  paroxysms  of  coughing  as  one  ol 
the  factors  causing  rupture  of  perfectly  healthy  capillaries. 
And  though  the  bleedings  thus  conditioned  ore  nsnally  no«j 
thing  more  than  harmless  eochymo^e8  of  the  conjunctiva,  «tc., 
a  paroxysm  may  prove  actually  fatal  if  the  cohesion  and 
resisting  power  of  the  vestel*wall»  have  been  much  reduced 
by  any  kind  of  antecedent  disease. 

The  prejudicial  effects  exerted  by  the  paroxysms  on  the 
respiratory  organs  depend  upon  the  circumstance  that  in 
ooDgbing  a  very  forcible  expiration  coincides  with  a  cloi^ure 
of  the  glottis.     This  of  cour»e  is  ultimately  overcome^  but 
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till  then  tlie  air  filliug  the  lungB  must  he  placed  ander  rery 
considerable  tension.  Yet  tbe  tension  will  not,  you  notice, 
be  everywhere  ei^tial ;  for  the  contraction  of  the  expiratory 
muscles,  which  reduces  chiefly  the  lower  aperture  of  the  thorar 
and  forces  up  the  diaphragm^  will  most  strongly  compress  the 
lower  sections  of  the  lungs,  and  as  far  aa  possible  drive  tbe 
air  out  of  them.  This  air,  however,  will  be  driven  with  equal 
force  into  the  upper  sections,  over  which  the  thorax  is  but  little 
narrowed  even  by  forced  expiration  ;  and  the  result  is,  that 
owing  to  tbe  pressure  caused  by  the  rush  of  air,  the  smaller 
bronchi  become  dilated  and  the  alveoli  torn,  L  e.  hronchi^ 
ectaaes  and  more  especially  enxphysvyna  are  developed.  Tlieso 
are  the  forms  of  emphysema  which  occupy  chiefly  the  upper 
portions  of  the  lungs  ;  and  if  emphysema  of  the  upper  lobes 
18  occasionally  found  in  persons  who  play  wind  iustrnmeuts 
and  in  workmen  who  have  to  carry  heavy  loads  or  to  undergo 
other  violent  exertion,  I  need  scarcely  t^ay  that  the  mechaaisni 
of  its  origin  is  precisely  the  same  as  in  that  which  results 
from  coughing.  For  the  restj  it  is  not  exactly  a  rare  accident 
for  the  air,  during  a  violent  attack  of  coughing,  to  escape 
through  the  ruptured  alveolar  wall  iuto  the  subpleural  aud 
interlobular  tissue,  so  tliat  the  vesicular  becomes  complicated 
by  an  intvrsUtial  eviphyevma,  Aud  should  there  be  present 
in  the  superior  lobe,  more  especially  in  its  anterior  portion, 
a  siiperticially  situated  cavity  covered  over  by  a  thinned  or 
partially  necrosed  pleura,  the  coughing,  as  was  recently 
stated,  may  give  rise  to  a  sudden  pneumothorax. 

It  is  accordingly  clear  to  jou  that  a  cough  will  often  enoagb 
become  the  subject  of  the  physician's  treatment.  More  par- 
ticularly when  there  is  no  proper  object  on  which  the  cough 
can  act,  i,  e,  when  there  is  nothing  in  the  lungs  to  be  removed 
by  the  expiratory  impulses,  it  is  unquestionably  the  duty  of 
the  physician  to  seek  to  modify  the  irritatiou  by  all  avail- 
able means.  In  cases,  however,  where  the  coughing  is  pro- 
duced by  the  presence  of  foreign  removable  utaasea  iu  the  air- 
passages,  such  an  attempt  wuuld  have  little  to  recommend  it, 
were  not  an  effort  at  the  same  time  made  to  check  the  path o- 
logicnl  processes  to  which  the  masses  owe  their  origin.  For 
the  treatment  might  otherwise  be  productive  rath^r  of  evil 
than  good^  by  bringing  about  all  Use  bad  effi'cts  which  ensue 
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to  the  respiratory  apparatus  from  the  presence  of  foreij 
matters  in  the  air-passnges. 

These  bad  effects  are  unfortunately  only  too  frequently  ob- 
servable.    For  however  excellently  the  mechanism  of  reflex 
coughing  is  adapted  to  the  end  in  view,  {(  often  fails  to  securB^ 
xL      For  coug-hing  to  occur  at  all,  it  is  indispensable  that  the 
mucous  membrane  of  the  air-passages  should  be  sensitive,  the 
glottis  capable  of  closing,  and  the  muscles  of  expiration  so 
far  fuDCtioual  as  to  be  able  to  overcome  by  their  coutractioa 
the  cloAure  of  the  glottis ;  for  expectoration,  still  more  ener- 
getic and  effective  contractions  will  bo  needed.      Now  I  have^ 
already  referred   to   the   circumstances   in  which   the   reflet 
fails  to  act,  owing  to  deficient  sensibility  of  the  respiratory 
mucous  membrane  ;   a  comatose  patient  or  a  person  with  an 
&ua3sthetie  larynx  does  not  immediately  cough,  we  said,  if  a 
tDorsel  has  entered  the  larynx — although  such  patients  are 
BpeciuUy  exposed  to  this  danger.      Moreover,  the  reduced  sen- 
sibility of  the  bronchial  mucous  membrane,  to  which  reference  i 
has  so  often  been  made,  may  tell  in  a  most  undesirable  wayl 
in  persons  with  abnormal  communications  between  the  oeso*i 
phagus  and  the  air-passages — in  persons,  that  is,  who  are  ab- 
solutely unable  to  guard  against  the  entrance  of  foreign  sub- 

Lauces  into  the  bronchi,  and  who  therefore,  more  than  others, 
compelled  to  rely  on  the  promptness  of  the  coughing  re- 
flex.    Our  oxperience  with  regard  to  the  rima  glottidis  is  very 

imilar.  I  need  hardly  repeat  that  in  individuals  whose  glottis 
inds  wide  open  and  immobile,  or  whose  vocal  cords  and 
perhaps  epiglottis  are  destroyed,  all  possible  kinds  of  foreign 
bodies  may  very  easily  escape  into  the  air-passages  ;  and  it  is 
precisely  these  patients  who,  owing  to  their  inability  to  close 
the  air-passage,  are  no  more  able  to  cough  properly  than  are 
individuals  with  tracheal  fistula?;  which  latter,  again,  givoevery 
facility  for  the  access  of  foreign  materials  to  the  respiratory 
canal.  In  the  last  place,  with  regard  to  the  third  necessity, 
the  functional  capacity  of  the  muscles  of  expiration,  we  are  nofci 
rarely  taught  that  the  "adaptation  "  to  its  purpose  of  the  refler 
mechanism  of  oonghing  is  perfect  only  in  the  case  of  healthy 
and  vigorous  organisms.  None  are  more  disposed,  as  is  well 
knowu,  (o  catarrh  and  accnmalntion  of  muco-purulent  secre* 
lion  in  the  bronchi  than  persons  passing  through  a  tedious 
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fever,  and  precisely  in  these  patients  there  is  often  developed 
early  in  the  disease  such  b  degree  of  muscular  feebleness  thst 
vigorous  coughing  is  quite  beyond  their  power — even  when 
the  effort  is  not  voluntarily  suppressed,  as  in  trichinosis,  owin^ 
to  the  pain  occasioned  by  it.  Similarly,  when  in  little  chil- 
dren a  foreign  body  enters  the  air-passnges  during  play  or  at 
meals,  coughing  follows,  it  is  true,  but  the  expiratory  im- 
pnlses  are  far  from  being  always  powerful  enough  to  expel 
the  foreign  body.  And  I  need  hardly  say  that  the  most 
energetic  efforts  of  the  expiratory  muscles  of  a  powerful  man 
tnay  occasionally  fail  when  the  foreign  body  has  become  im- 
pacted in  a  bronchus,  or,  if  pointed,  has  partly  penetrated  ita 
wall.  As  regards  the  question  engagingour  attention,  how- 
ever, the  greatest  importance  attaches  to  the  fact  that  cough- 
ing cannot  he  initiated  from  the  alveolar  u.alln.  For  it  follows 
that  any  portion  of  a  foreign  substance  which  has  completely 
passed  the  bronchi  must  remain  henceforth  in  the  lungj 
unmolested  both  by  the  ciliary  movements  and  by  coughi 
ing.  The  dimensions  of  these  foreign  bodies  must  of  ooarae 
be  very  minute;  still  it  is  precisely  snch  bodies  that  most 
abound  in  the  atmosphere  as  organic  or  inorganic  dnst ;  and 
even  when  coarser  particles  or  liquids  enter  the  bronchi,  one 
must  be  prepared  to  expect  that  minute  fragments  or  dropa, 
which  arc  not  cou^-hed  up  with  the  re^t,  may  reach  the  alveoli 
and  remain  in  them. 

When  a  foreign  substance  has  established  itself  in  the  air* 
passages,  what  follows  will  be  determined  by  the  nature  of 
the  substance,  and  especially  by  its  chemical  corapf>Bition. 
It  has  repeatedly  been  found  that  larger  foreign  bodies,  having 
a  smooth  surface,  globular  in  form,  and  consisting  of  inor- 
ganic, non-deconiposable  material,  may  remain  impacted  in  a 
bronchus  for  weeks  or  months  without  exerting  any  influonco 
hut  the  mechanical  one,  already  discuesed,  of  producing  more 
or  less  complete  occlai^ion  of  the  bronchial  tube.  Still  this  is  a 
rare  occurrence,  if  for  no  other  reason  because  the  paroxysms 
of  coughing  generally  sooner  or  later  secure  the  expulsion  of 
precisely  such  foreign  bodies.    Much  greater  interest  is,  there* 

fore,excited,  owing  to  their  great  comm'^ *-  '^  '  '  " <\ 

action  of  fine  inorgsnic,  and  henco  nun    ■  i> 

bodieH,  in  u  state  of  such  miouto  division  that  thoy  are  not  ar- 
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rested  in  tbe  broBohi,but  penetrate  into  the  alveoli.  Nevertbe- 
less,  it  18  only  recently  that  this  snbject  has  been  thoroughly 
Btadied.  It  was  very  early  known  that  particles  of  dust  reach 
the  finest  bronchi  with  the  inspired  air,  and  sach  particles 
wore  long  ago  observed  in  the  interior  of  large  epithelioid  cells 
in  the  pulmonary  alveoli,  but  without  their  being  regarded 
as  anything  more  than  an  interesting  cariosity.  Hardly  more 
than  ten  years  ago  this  important  domain  of  pathology  was 
first  opened  up  by  the  observations  of  Traiibe*  on  inhaled 
wood'Carbon,  and  above  all  by  Zenker's  excellent  research  on 
dutit-inhalatimi  ditteases  of  the  lunga.  But  even  then  there 
was  an  unwillingness,  and  almost  a  refusal,  to  draw  ^he  natural 
oonclnsiona  from  tho  newly  ncquirod  results.  And  so,  strange 
to  say,  the  dispute  has  been  active  and  long  continued  with 
regard  to  tho  substauce  chiefly  involved  in  this  question, 
namely /ji#/y  divided  cathon.  And  yet  nothing  is  more  cer- 
tain than  that  the  whole  of  th^i  black  pigTneni  of  the  lunggand 
hroiirhial  glands — the  pigment  usually  briefly  termed  'puhrvc*- 
nary  pigment  or  lung-black — consists  only  and  solely  of  in- 
spired carbon.  The  soot  suspended  in  the  atmospliere  is,  it 
is  true,  in  great  part  arrested  by  tho  nose  and  bronchi,  and 
removed  from  the  latter  by  the  ciliated  epithelium  ;  but  a  not 
inconsidemblo  quantity  pt^netrates  as  far  as  the  alveoli,  and 
thenre  into  the  tisjtueii  and  lymph-epatea  of  the  lungg.  This 
the  free  granules  can  apparently  accomplish  independently  ; 
jet  some  are  iirst  taken  up  in  the  alveoli  by  roundish  cells, 
of  which  it  has  not  yet  certainly  been  made  ont  whether  they 
are  epithelial  cells  derived  from  the  alveoli  or  altered  colour- 
less corpuscles,  and  are  then  by  this  means  transported  into 
the  lymph-stream.  The  lymph-stream  in  fact  receives  all 
the  particles  of  soot,  which  enter  it  chiefly  from  the  borders 
of  the  alveoli  toward  the  infundibala,  and  the  ultimate  situa- 
tion of  the  curbonaceous  mnterial  depends  on  the  direction  and 
anatomical  arrangement  of  the  lymph -channels.  The  parti- 
cles very  rapidly  (within  n  few  hours)  reach  tho  bronchial 
glands,  whero  they  first  settle  in  the  sinuses  of  the  cortex  and 
then  in  the  follicles  ;  not  till  much  later  do  they  penetrate  the 
mc<lullary  trabeculaa.  At  the  same  time,  however,  the  par- 
ticles of  soot  are  being  distributed  throughout  the  pulmonary 
•  Truuh*,  'Gw.  Abhftndl.,*  ii,  pp.  gii.  765. 
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tiflHue  itself,  and  grndnallj  acctiranlate  in  ^eater  qoantitM 
wliero  large  masses  of  connective  tissue  are  present,  t.  «. 
the  (uive7iiHial  ftheaths  of  the  vessels  and  bronchi,  in  the  coarser 
fispta  and  the  suhpleural  tifttnie  ;  though  here  too,  it  is  trae, 
they  are  never  evenly  scattered,  but  always  collect  into  cir- 
cnmscribed  spots  or  foci.  The  size  and  number,  and  there- 
fore  the  closeness  of  the  grouping,  of  these  foci  depend  on  the 
amount  of  inhaled  carbon,  hence  mainly  on  the  atmosphere 
of  the  place  in  which  the  person  aflFected  resides.  But  leav- 
ing these  quantitative  differences  out  of  account,  we  always 
meet  "poet  martem,  even  in  children  and  people  who  have  re- 
sided in  the  country,  with  the  constantly  recurring,  typical 
picture,  in  which  the  pulmonary  tissue  as  well  as  the  pleura 
puhnonalis  is  studded  and  sprinkled  over  with  black  spota, 
and  the  bronchial  glands  are  more  or  less  Hmohy  grey  on  sec* 
tion.  These  appearances  are  found  in  individuals  whose  re< 
spiratory  organs  have  performed  their  functions  excellently 
till  death,  in  those  who  have  perished  as  the  result  of  an 
accident,  of  cholera,  or  of  some  other  acute  or  chronic  di»- 
eaae  not  involving  the  respiratory  apparatus,  and  also  in  in* 
dtviduals  who  have  succumbed  to  a  pneumonia  or  other  acute 
or  chronic  pulmonary  affection,  except  that  in  the  latter  ca6e 
the  changes  peculiar  to  the  disease  arc  also  present.  For 
the  pure  carbon  is  a  pcrftrt  ly  indtjftrrent  »uhHtance  to  the  lungs ; 
hence,  however  great  the  quantity  taken  up  or  long  the  period 
of  inhalation,  the  lungs  continue  to  contain  air  in  all  their 
sections. 

It  is  rarely  that  carbon  forms  the  sole  impurity  of  the  atmo- 
sphere, however  ;  and  though  many  other  minutely  divided 
inorganic  matters,  such  us  potter's  clay  or  powdered  nltnv- 
marine,  prove  equally  innocuous  to  the  lungs^  when  snspended 
in  equally  tjue  particles  in  the  atmot^phere,  there  are  unfor- 
tunately a  large  number  of  impurities  which  are  far  from 
being  so  indifferent.  Hero  1  include  all  inorganic  bodice 
considerably  larger  than  the  carbonaceous  particles,  but  cot 
too  large,  of  course,  to  enter  the  alveoli,  such  as  coarse  gi*nn- 
ules  of  sand  and  chalk  ;  angular  or  pointed  substances,  whiult 
may  cause  meohnniral  injury  ;  nod  the  innumerable  vegetable 
or  animal  particleM  which  become  mingled  with  the  air  of 
onr  streets  in  tbo  form  of  fibree  of  cellulose  or  horny  fragmenfn. 
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derived  from  our  gnnnents,  from  the  skin  of  meu  and  animals, 
and  pspccially  from  hor/tf-dung  ;  owing  to  tlieir  lightness  such 
particles  may  be  swept  into  the  air  by  every  breeze.  All  of 
ihem  when  inspired  can  reach  the  pulmonary  tissue  and  bron- 
chial glands  froTn  the  ulveolij  just  as  do  the  particles  of  car- 
bon ;  but  their  nrtion  i^  diffemit.  They  have  not  the  power 
of  producing  sappuration,  like  infective  substances,  and  no 
abscess  or  ulceration  develops  around  them  ;  but  neither  are 
they  quite  innocuous.  As  in  the  case  of  every  bland  foreign 
body,  there  takes  place  in  their  vicinity  a  dow,  adhesive 
iitflavifnatioiij  which,  by  producing  connective  titisuej  gives  rise 
i/i  the  formation  of  a  capanle  ;  according  to  the  quantity  and 
uaturoof  theforeign  material  and  the  locality  where  it  ia  lodged 
the  resulting  appearances  will  be  ver^'  different.  The  origin  of 
these  inflammations  in  the  inhalation  of  foreign  bodies  ia  most 
strikingly  and  clearly  observable  when  the  materials  inhaled 
are  distinguished  by  peculiar  qualities  as  foreign  to  the  organ- 
ism. It  wa-»  Hiderutrispidirumumfi,e.  the  red  Innga  of  the  mirror- 
polisher,  who  for  months  and  years  inhales  the  dust  of  the  so- 
c^nlled  caput  mortuuw,  i.  <?.  the  powder  of  ferric  oxide,  which 
Zenker  took  as  starting-point  in  his  investigation.^  Nor  can 
tlio  »ione-ma£07i'8  lung  be  mistaken  by  anyone  who  has  onoe 
observed  it ;  for  the  dirty  grey  nodules  which  are  distributed 
throughout  every  part  of  the  organ,  which  project  beneath 
the  phfura,  surrounded  as  a  rule  by  a  ring  of  carbonaceous 
matter,  and  are  sciittered  iu  large  numbers  through  the  bron- 
chial glands,  are  so  hard  as  to  be  easily  distinguishable  from 
miliary  tubercles,  to  which  in  siee  and  colour  they  bear  an  nn- 
donbt-ed  resemblance.  On  cutting  through  the  stone-mason's 
Jung,  the  knife  grates  upon  the  resisting  tissues,  and  the  sur- 
face of  the  section  is  rough,  and  feels  like  a  grater  to  the 
finger.  But  the  domain  of  these  inhalation-processes  is  much 
more  ample,  and  includes  many  forms  of  chronic  pulmonary 
disease,  in  which  the  cause  is  not  so  obvious  as  in  ultramarine-, 
ferric  oxide-,  and  stone-mason's  lung.  I  at  least  am  convinced 
that  the  great  majority  of  the  cases  described  as  interstitial 
and  cirrhotic  induraliotw,  as  glaty  induration,  aud  as  fibrous 
perihronrhitlHf  are  nothing  but  the  effects  of  ditJit  itthalation. 
Trui',  this  viVw  cannot  be  so  certainly  established  here  as  in 

*  Zenker,  *  U.  A.  f.  klin.  Med.,'  ii,  p.  i  iti. 
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atone-maaon's  lun^  and  sideroais,  for  it  ia  almoat  never  poa- 
aible  to  detect  the  causative  foreiffa  body  in  the  midst  of  the 
calloaitios  and  tibrous  foci.  But  oousider  that  many  o£  the 
emalJer  foreign  bodies  have  not  anch  a  characteristic  stracttire 
or  constitutiou  that  their  demonstration  would  be  eaby  and 
certain  r  and  bear  in  mind,  above  all,  that  they  are  not  per- 
manent but  may  disappear,  though  only  after  a  considerable 
timCj  through  the  metabolism  of  the  organism.  In  an  investiga* 
tion  carried  out  in  Langhans'  laboratory,  v.  Iuh*  discovered, 
besides  many  other  valuable  facts  bearing  on  the  process  now 
engaging  our  attention,  that  calcareous  particles  m.&j  bo  com- 
pletely disappear,  in  the  courae  of  a  few  weeks,  from  the  lungs 
and  bronchial  glands,  that  no  carbonate  of  lime  can  after- 
wards be  detected  in  them.  If  then  the  calcareous  granules 
are  unable  permanently  to  withstand  the  metabolism  of  the 
organism,  the  cellulose  fibres,  which  I  have  just  told  yoo  form 
a  considerable  portion  of  the  dust  of  our  streets^  will  cer- 
tainly fare  no  better.  But  the  new-formed  callosities  and 
masses  of  connective  tissue  do  not  disappear  with  the  foreign 
bodies  ;  their  contraction  at  most  continues,  in  consequence  of 
which  the  alveoli  are  liable  to  perish,  and,  as  already  stated, 
bronchiectases  are  apt  to  be  formed.  That  the  indurations 
should  tend  to  be  slate-coloured,  and  the  peribrouchitic 
nodoles  should  usually  have  a  stnoky-grer  hue,  while  the  bands 
of  cirrhotic  tissue  are  not  uncommonly  deep  black,  you  will 
no  doubt  yourselves  be  able  to  explain,  for  all  the  chronic  in- 
flammatory products  derive  their  colour  simply  from  the  socl 
inhaled  previously,  or  at  the  same  time  with  the  exciter  of 
infiammatiou.  Yon  observe  what  importance  attaches  to  this 
group  of  inhalation -diseases  in  human  pathology.  For  it  the 
view  just  expounded  be  correct,  a  cousiderable  proportion  of 
the  diseases  usuitlly  embraced  in  thecoUectivenotioi  '  '  -'c 
puimtmarij  phthUi^  really  belongs  to  the  class  of   ii  <u- 

prooeases.  The  term  phthisis  is,  in  fact^  perfectly  applicable  to 
them,  if  it  be  used  to  express  simply  that  large  sections  of  thtr 
lung  have  ceased  to  perform  their  function,  and  are  '' wasted ;" 
but  if  the  notion  of  phthisis  be  extended  to  the  entire  organ- 
ism— a  usage  sanctioned  by  generations — the  including  of 
the  inhalation-diseases  with  pulmonary  consumption  is  dU- 

*  T.  lat,  *  ▲.  f.  «zp«r.  Pathol./  t,  p.  169. 
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cnlated  to  lead  to  serionB  error.  Forthe  individiialsaSectcd 
with  stone-mason's  laog^siderosis,  or  antfaracosis,  though  often 
exhibiting  bronchial  catarrh,  do  not  as  a  rale  suffer  from 
fever ;  and  so  little  are  they  disposed  to  general  emaciation 
or  hectic  that  they  remind  one  rather  of  ca.ses  of  emphysema 
or  mitrnl  insufficiency,  in  which, as  ia  well  known,  the  strength 
and  nutrition  continues  good,  ao  long  atJeast  as  the  compen- 
sation iH  adequate.  How  it  happens  that  the  human  lunge 
should  so  very  often  be  the  arena  of  the  inhalation-processes, 
while  the  langs  of  animals  are  almost  completely  protected, 
ia  not  difficult  to  comprehend.  For  to  say  nothin^T  of  wild 
animals  which  breathe  the  air  of  the  forest,  the  atmosphere 
of  the  bouses  in  which  our  domestic  animals  pass  the  greater 
part  of  their  short  existence,  though  not  always  agreeable,  is 
constantly  taoiat  and  therefore /ret //•ojh  duet.  Dogs,  the  con- 
stant companions  of  man,  might,  it  is  trae,  be  endangered ; 
yet  in  their  case  also  there  are  many  factors  serving  to  pro- 
tect them,  e.  y.  their  much  shorter  lives,  and  more  especially 
the  structure  of  the  nasal  cavity,  which  is  mnch  longer  and 
better  furnished  with  folds  and  recesses  admirably  adapted 
to  catch  the  particles  of  dust ;  for  the  rest^  the  black  lung- 
pigment  is  far  from  absent  in  such  animals,  and  one  frequently 
meets,  in  their  subpleural  and  proper  pulmonary  tissnes,  a 
few  hard  nodules  nud  fibrous  patches,  agreeing  in  every  re- 
spect with  the  products  of  the  human  inflammations  due  to  in- 
halation. 

But  all  the  bodies  arriving  in  the  lungs  have  not  the  same 
bland  characters,  and  the  resulting  inflammations  will  not  be 
so  benign  and  productive.  The  classical  example  of  these 
severer  forms  of  intiammation  due  to  foreign  bodies  is  the 
so-called  vag\nf'-j>neumonia  of  the  rtihhii.  Rabbits  cannot 
cough, any  more  than  vomit,  probably  because  their  expiratory 
muscles  are  not  sufliciently  vigorous  to  bring  about  by  their 
contraction,  in  opposition  to  the  over-HUed  abdominal  visceraj 
ft  considerable  diminution  of  the  thorax  ;  if,  consequently, 
the  glottis-closers  are  paralysed  and  the  rima  stands  immove- 
ably  open,  these  animals  are  greatly  endangered  by  foreign 
bodies^  which  can  only  be  removed  from  the  air-passages  by 
means  of  the  ciliated  epithelium.  But  the  ciliated  epithe* 
liam  is  not  much  of  a  safeguard,  and  fails  completely  when 


1050  THB   AIR-PASSAGES. 

large  quantities  of  food  or  buccal  mucus  enter  the  larynx ; 
and  you  will  not  be  surprised  to  hear  that,  after  division  of 
the  recurrent  laryngeals  in  the  rabbit,  there  is  always  deve- 
loped, during  the  few  following  weeks,  bronchitis  and  an  in- 
sidious and  slow  true  jmetimoniaj*  which  often  spreads  over 
large  sections  of  the  lungs.  The  infiltrated  lobes  are  en- 
larged and  heavy ;  on  section  they  are  firm,  finely  granular 
or  smooth,  yellowish  or  greyish  white  in  colour,  and  thus 
remind  one  of  <iaseons  hepatisation  in  man.  But  although 
this  resemblance  is  apparently  supported  by  the  presence  in 
the  infiltrated  alveoli  of  considerable  quantities  of  large  epithe- 
lioid cells,  to  which  Buhl  attached  such  importance  that  he 
invented  the  unfortunate  name  of  "desquamative  pneumonia" 
for  the  affection,  yet  the  entire  process  has  nothing  whatever 
in  common  with  human  phthisis,  the  specific  caseous  or  tuber- 
culous pneumonia.  For  it  cannot  be  communicated  by  in- 
oculation to  other  rabbits  or  guinea-pigs,  nor  do  the  animals 
with  divided  recurrent  nerves  ever  develop  tubercles  or  tuber- 
cular formations  elsewhere  ;  the  process  is  nothing  but  a  com- 
mon pneumonia,  with  a  slow  and  chronic  course,  in  which, 
owing  to  its  protraction,  time  is  allowed  the  exudation-cor- 
puscles to  develop  and  become  converted  into  large  cells. 
This  pneumonia  following  division  of  the  recurrent  laryngeals 
is  distinguished  from  the  pulmonary  inflammation  by  which 
the  animals  are  attacked  after  section  of  the  vagi  in  the  neckf 
solely  by  its  prolonged  course.  Should  any  one  suppose, 
however,  that  this  striking  disparity  in  time,  renders  it  un- 
likely that  the  paralysis  of  the  glottis — which  must  occur 
equally  after  section  of  the  vagi  or  of  the  recurrent  nerves — 
is  the  main  factor  in  the  pulmonary  affection,  I  desire  to 
remind  him  that  after  division  of  the  vagi,  not  only  are  the 
glottis-closers  but  the  musculature  of  the  cesophagus  para- 
lysed, and  the  rabbit's  mode  of  inspiration  changed  completely. 
The  extremely  deep  inspirations  now  made  by  the  animal 

•  Cf .  Friedlander,  *  Vireh,  A,/  Ixviii,  p.  335. 

t  Cf.  Traube,  'Ges.  Abhandl./  i,  p.  i,  113;  Genzmer,  *Pflug.  A./  viii, 
p.  loi  ;  Friedlander,  1.  c. ;  0.  Frey, '  D.  patbol.  LungenTerandenmf^n  nach 
Lahnmng  d.  N.  vagi,'  Leipeig,  1877;  Steiner,  'A.  f.  Anat.  a.  FhyBioI.,' 
Phy«ioI.  Abtb.,  1878,  p.  a  18.  Cf.  also  Zander, '  F6ag.  A./  xix,  p.  363,  who 
■^ndied  the  oonseqnenoes  of  bilateral  division  of  the  vagna  10  birde. 
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actiiallj  itiMsk  in  tka  fuod-pttlpj  which  cannot  enter  the  gullet 
already  tilled  with  foot],  through  the  tjaping  riina  into  the 
lungt* ;  and  thus  after  division  of  the  vagi  the  foreign-body- 
pneumonia  terminate!}  the  rabbit's  life  within  the  first  twenty- 
four  to  forty-eight  houi*8,  while  the  animals  may  survive  the 
Bection  of  the  recuirout  laryiigeals  for  weeks  or  even  months. 
In  man,  also,  severe  /j«enwio?iia,  dim  io  foreign  bodie^t  and 
terminating  in  suppuration  or  even  in  gangreuOj  is  not  un- 
common. It  sometimes  happens  that  large  objects,  which 
have  become  impacted  in  the  bronchi,  though  comparatively 
harmless  in  chemical  constitution,  prove  dangerous  by  their 
mochanical  effects.  Jagged  or  very  angular  bodies,  but  also 
coins  and  rings,  may  produce  by  their  continuous  pressure 
iieorosift  and  perforation  of  the  bronchial  wall,  and  while  this 
usually  terminates  the  stonosLs,  an  intiammation  ending  in  ab- 
scess IB  only  too  easily  excited  by  the  foreign  body  envelopedj 
as  it  is,  in  stagnant  bronchial  secretion.  I  recently  had  an 
opportunity  of  making  a  post-mortem  examination  of  a  child, 
aged  four  months,  with  double  harelip  and  cleft  palate,  in 
whom,  about  fourteen  days  before  death,  a  piece  of  the  very 
prominent  vomer  was  excised  preparatory  to  the  projected 
pluslic  operation.  The  child  had  on  the  left  side  a  pyo- 
pneumothorax caused  by  the  rupture  of  a  pulmonary  abscess, 
which  itself  was  discovered  to  have  originated  from  the  irri- 
tation of  a  little  fragment  of  bone  of  jagged  shape  and  rongh 
surface  ;  this  was  impacted  in  a  bronchu?  of  the  superior  lol>e, 
and  had  produced  several  perforations  of  the  wall ;  it  was  a 
piece  of  the  vomer  from  the  vicinity  of  the  defect  left  by  the 
operation,  the  borders  of  which  had  undergone  necrosis.  Pos- 
sibly, therefore,  in  this  case,  it  was  less  the  jagged  shape  of 
the  foreign  body  than  its  origin  in  a  carious-necrotic  focus 
that  gave  rise  to  the  formation  of  abscess.  For  the  vast 
mnjority  of  all  the  foreign  bodies  that  have  to  be  considered 
in  this  connection  are  organic  objects,  which  readily  decom- 
ptisie,  and  have  entered  the  lungs  when  decomposition  had 
already  begun — like  some  articles  of  food  or  particles  from  a 
cancer  of  the  oBsophagus — or  have  rapidly  fallen  a  prey  to  the 
action  vf  hacferla  (ilmost  nhrays  preHent  %it  the  innpirvd  air. 
The  Utter  observation  applies  more  particularly  to  fragments 
of  food  which  have  "  gone  the  wrong  way/*  or  have  entered 
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the  air-passages  through  an  abnormal  communicatiou  with  the 
OQHophagus,  and  for  uoinQ  cause  are  not  expelled  by  coagbing. 
Owing  to  the  decompositions  undergone  by  the  foreign  bodies, 
which  are  generally  putrefactive  in  character,  severe  inflam- 
mation is  set  up  arouud  them ;  this,  while  lobular  in  form,  is 
always  extremely  dangerous  to  life,  because  it  leads  to  abscess 
or  gangrene.  As  a  matter  of  fact,  a  very  considerable  num- 
ber of  lunatics  who  are  fed  by  force,  of  unconscious  fever 
patients  to  whom  nourishment  is  given  by  the  nurse,  of  per- 
sons whose  aditus  laryngis  cannot  for  any  reason  be  closed 
towards  the  pharynx,  and  of  individuals  with  cancer  of  the 
(esophagus,  &c*,  perish  in  consequence  of  such  gangrenous 
lobular  pneumonia. 

This  brings  us  at  once  to  the  consideration  of  a  variety  of 
corpuscular  impurity  which  is  always  present  in  all  jiartA  of 
the  inhabited  world,  namely  lowly  organimnH*  That  bacteria 
or  their  germs  are  suspended  everywhere  and  at  all  timos,  in 
more  or  less  large  quantity,  in  the  air  surrounding  us,  need 
hardly  nowadays  be  proved.  This,  however,  implies  that 
we  are  constantly  by  our  inspirations  introdticing  unnum- 
bered quantities  of  bacteria  into  our  lungs,  and  if,  in  spitt^of 
them,  the  organism  lives  on  nndisturbeil  and  undamaged,  I 
need  hardly  say  that  this  result  is  due  to  its  capacity  of  get- 
ting rid  of  the  schizomycetes,  or  at  any  rate  of  rendering 
them  innocuous.  There  is  no  doubt  that  numbers  of  bacteria 
are  arrested  by  the  mucous  membrane  of  the  air-passages  and 
expelled  by  means  of  the  ciliated  epithelium  ;  but  it  is  no 
less  certain  that  numerous  examples  of  these  organisms  enter 
the  alveoli,  and,  like  the  particles  of  carbon,  pass  on  into  the 
lymph-channels  of  the  lungs,  t,  t^.  into  the  juices  of  tho  body. 
Whether  they  are  destroyed  in  the  lungs  or  bronchial  glands, 
or  in  what  other  organs^  is  not  known  ;  but  it  is  certain  thai 
tht*y  are  got  rid  of  or  destroyed,  for  in  a  normal  condition  we 
do  not  End  schizomycetes  in  the  Buids  and  tissues  of  the  body 
(cf.  vol.  i,  p.  205).  True,  the  inhalation  of  bacterial  germ* 
does  not  always  prove  such  a  harmless  occurrence,  and  w« 
must  be  pr^ared  to  deal  with  this  factor,  especially  when 
there  is  present  in  tlie  nir-passages  abnormal  material  which 
may  form  a  good  substratum  for  ihe  settlement  of  the  schiso« 
mycotee.     Thna,  if   the   stagnant   secretion  of   a  chronio 
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bronchial  catarrh  undergoes  putrid  decomposition  and  B.putrid 
bronchitis  develops  out  of  a  simple  one,  this  is  most  certainly 
attributable  to  the  influence  of  inhaled  bacteria.  To  the  per- 
uiciouii  action  of  the  schizooiycetes  on  organic  foreign  bodies 
contained  in  the  air-pa8sage8>  we  have  just  referred.  Not 
only  the  fate  of  foreign  bodies,  however,  but  that  of  many 
foci  of  disease  and  morbid  products,  with  which  the  inspired 
air  comes  into  contact,  is  determined  in  an  eventful  manner 
by  the  bacterial  germs  contained  in  the  air.  They  alone  are 
the  Cause  of  the  development  of  a  dissecting  suppuration  around 
a  haemorrhagic  infarct  of  the  lung,  a  process  which  is  ex- 
tremely raiv  in  the  perfectly  analogous  infarcts  of  the  spleen 
and  kidney.  Above  all  they  are  i-esponsible  for  the  fact  that 
almost  every  necrotic  focus  of  the  Inng,  however  conditioned, 
becomes  the  seat  of  a  true  gangrufna  hnmida. 

Whether  we  have  to  deal  in  alt  these  cases  with  identical, 
Or  at  least  allied,  organisms,  related  to  the  true  bacteria  of 
putrefaction,  has  not  been  made  ont,  but  is  scarcely  probable. 
At  any  rate,  Leyden  and  Jaffe*  have  found  in  the  expectwra- 
tion  of  putrid  bronchitis  forms  of  bacteria  differing  from  the 
micrococci  and  from  bacterinm  termo,aud  t\\Qjernivnt  recently 
found  by  Filehnet  in  foci  of  pulmonary  gangrene,  but  not 
present  in  putrefied  pieces  of  lung,  plainly  tells  in  favour 
of  the  view  that  particular  species  of  echizomycetes  are  here 
engaged.  This  question  is  chiefly  interesting,  however,  with 
reference  to  some  specific  morbid  processes,  among  which 
htbereulofis  stands  first. 

Tlie  question  is — Is  the  cause  of  true  tubtraiiosis  of  Uis 
lutujit  and  of  specific  puhmmary  phthisis  to  be  sought  in  sub- 
stances arriving  in  the  bronchi  and  alveoli  with  the  iuspired 
air  and  passing  thence  into  the  tissues  of  these  organs  ?  This 
snbstanco  is  not,  of  course,  blood.  We,  who  have  placed 
tubercle  among  the  infective  tumours  and  thereby  declared 
that  it  is  due  to  a  specific  virus,  may  dispense  with  special 
proofs  that  blood  poured  out  into  the  bronchi  and  passing  into 
the  alveoli  must  be  absolutely  innocent  of  causing  the  disease. 
That  many  persons  who  afterwards  become  phthisical  are 
attacked  by  hsemoptysis  at  a  time  when  the  most  careful 

•  Ii*jrdi-n  und  Jaff(<.  '  D.  A.  f  klin.  Med./  ii.  p.  488. 

t  FileKne, '  Krloiitr.  phjsik.-med.  &ocietst«ber.,  Jun.  ti.  ^^^Dec.  10^77. 
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physical  examination  fails  to  detect  disease  of  the  lung  is 
disputed  by  no  one  ;  but  therefore  to  infer  that  the  pulmo- 
nary hesmorrhage  has  been  the  occasion  of  the  development 
of  phthisis  could  only  occur  to  a  person  to  whom  the  domain 
of  experimental  pathology  had  remained  completely  closed. 
For  the  first  rabbit  into  whose  trachea  he  had  injected,  or 
allowed  to  run  from  a  divided  artery,  a  quantity  of  blood, 
would  have  taught  him  that  the  blood  is  first  aspirated  into 
the  alveoli  by  the  dyspnoeic  inspiration  which  immediately  set 
in,  and  is  very  soon  transported^  like  the  particles  of  carbon, 
into  thelymph-channelsof  the  lungs  and  the  bronchial  glands.^ 
For  these  parts,  however,  the  blood-corpuscles  and  still  more 
the  plasma  are  the  most  indifferent  substances  imaginable ; 
they  rapidly  disappear,  without,  as  a  rule,  leaving  a  trace 
even  of  pigment.  At  present,  when  Robert  Kocht  has  just 
astonished  the  scientific  world  by  the  announcement  that  he 
has  succeeded  in  discovering  the  much  sought-for  virus  of 
tuberculosis,  and  that  it  is  a  bacillus,  which  is  constantly  pre- 
sent in  tuberculous  products,  and  is  well  characterised  by 
its  morphological  structure  and  behaviour  towards  stains, — 
at  present,  I  say,  we  no  longer  have  to  discuss  whether  tuber- 
culosis is  caused  by  a  specific,  corpuscular  virus,  and  need 
only  ask  whether  this  virus  enters  the  body  with  the  inspired 
air,  or  is  taken  up  in  some  other  way,  perhaps  by  a  wound 
or  by  the  intestine.  That  either  alternative  is  possible  can- 
not of  course  be  disputed  a  priori.  But  in  estimating  the 
probabilities  in  favour  of  one  or  other  mode  of  infection,  we 
cannot,  in  my  opinion,  evade  the  force  of  the  rule,  confirmed 
by  the  experience  of  all  observers  in  every  country,  that  no 
organ  is  attacked  with  the  sam,e  frequency  or  intensity  hytubercU' 
losis  as  the  luvgs.  It  is  extremely  common  to  find  that  the 
lungs,  with  the  bronchial  glands  and  pleursB,  are  the  only 
localities  affected  by  the  tuberculosis  ;  and  in  many  other 
instances  both  the  clinical  history  and  the  post-mortem  ap- 
pearances teach  that  the  disease  of  the  lungs  has  preceded 
that  of  all  the  other  organs.  In  this  connection,  note  carefully 
how  impossible  it  is  that  the  respiratory  apparatus  should  form 
a  specially  favorable  seat  for  the  establishment  and  develop- 

*  Nothnagel,  'Tiroh.  A./  Ixxi^  p.  414. 

t  B.  Koch, '  Borl.  klin.  Wocheiuchr./  1883,  No.  15. 
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ment  of  the  tuberculous  process;  for  inoculation  tuberculosiB 
as  well  as  the  expenences  of  the  sick-bed  and  post-mortem 
room  show  unmistakably  that  no  organ  possesseB  an  immunity 
from  tuberculosis,  not  only  so  but  that  all  organs  of  the  body — 
intefitinal  canal,  kidneys,  genitals,  liver,  spleen,  bone-marrow, 
central  nervous  system,  &c. — are  nearly  equally  susceptible  to 
tuberculosis.  But  if,  despite  this  equal  susceptibility,  the  re- 
spiratory organs  are  so  decidedly  preferred,  does  not  this  point 
indisputably  to  the  conclusion  that  the  lungs  are  the  first  parta 
met  by  the  virus,  or,  in  other  words,  that  they  form  the  lisual 
gate  of  entrance  frr  the  virtut  of  tubercle  ?  In  this  view  I  am  fur- 
ther specially  strengthened  by  the  circumstance  that  the  bron- 
chial and  tracheal  lymphatic  glands  are  so  very  frequently  and 
early  attacked  by  the  disease  ;  thus  it  is  nothing  uncommon  to 
meet  an  -.idvanced  and  wide-spread  caseation  of  these  glands, 
while  the  process  in  the  lungs  is  limited  to  the  eruption  of  a 
few  nodules,  or  to  a  slight  caseous  infiltration.  This  fact  will 
at  once  remind  you  how  certainly,  and  especially  how  rapidly, 
the  inhaled  particles  of  carbon  find  their  way  to  the  bron- 
chial glands,  and  you  will  now  recognise  the  justice  of  the 
lissnmption  just  explained,  that  the  tubercular  virus  is,  as  a 
rule,  taken  into  the  human  organism  by  the  lung^.  Let  it 
be  clearly  understood,  not  in  this  way  only  ;  thM*e  is  no  doubt 
that  the  intestinal  canal  may  aUo  admit  it,  and  the  investi- 
gation of  individual  cases  would  probably  reveal  other  chan- 
nels of  infection.*  In  the  great  majority  of  cases,  I  believe, 
however,  that  it  may  bo  unconditionally  asserted  that  the 
tubercular  virus  enters  the  body  through  the  respiratory  ap- 
paratus, that  it  «A  iithale.d.  But  if  this  view  be  correct,  it 
follows  that  not  only  the  indurative  and  peribronchitic  pro- 
cesses formerly  discussed,  but  the  true  indubitable  pulmo- 
nary tuberculosis  is  at  least  very  often  an  inhalation  diseasOi, 
From  former  lectures  (vol.  ii,  p.  729,  et  aeq.)  you  know  why 
— even  before  the  new  evidence  was  brought  forward  by  Koch 
— was  unable  to  admit  a  fundamental  distinction  between 
tubt5rculosie  and  scrofula,  between  the  tuberculous  formation 
of  nodules  and  the  caseous  infiltration  ;  and  I  need  not 
explain  that  I  include  under  true  pulmonary  tuberculosis,^ 

*  Cohnbaitn.  '  I).  TuherculuM  v.  StandpunkU*  d.  lufectioiiBlehre/  3  Au4 
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tubercle  of  tbe  air-passages,  parenohyma,  and  plenne,  as  well 

88  caseous  hepatisatiou  and  the  caseation  of  lymphatic  glands. 
I  also  include,  of  course,  all  the  consecutive  conditions  aris- 
ing therefrom,  in  particular  the  tubercular  ulcers  of  the 
larynx,  trachea,  and  bronchi,  as  well  as  the  cavities  formed 
in  the  lung^, — that  disease  consequently  which  usually  gives 
evidence  very  early  of  its  general  character  by  the  accom- 
panying fever,  and  for  which,  owing  to  the  almost  constant 
appearance  of  general  emaciation  and  feebleness,  the  expres- 
sion "  phthisis  "  is  only  too  appropriate.  This  true  phthisis  is, 
I  think,  generally  an  inhalation  disease  ;  but  it  is  due  to  the 
inspiration,  not  of  any  chance  atmospheric  dust,  but  exclu- 
sively of  a  definite  corpuscular,  specific  viru8,ihe  bacillus  tuhet' 
culosis.  As  regards  the  biology  of  this  bacillus,  Koch's  in- 
vestigations have  already  made  us  acquainted  with  some  valu- 
able facts ;  amongst  others,  that  it  reaches  the  atmosphere 
chiefly  from  the  sputa  expectorated  by  the  phthisical.  For 
the  sputa  more  especially  which  are  derived  from  phthisical 
cavities  are  often  extremely  rich  in  bacilli,  and  since  these  can  in 
a  dry  condition  retain  their  vitality  and  virulency  for  weeks, 
it  is  not  surprising  that  the  atmospheric  air  should  only  too 
frequently  contain  active  bacilli.  Indeed,  if  you  consider  how 
extremely  common  tuberculosis  is,  you  will  at  once  be  con- 
vinced that  the  tubercular  virus  must  be  extraordinarily  tcidely 
diifeeminated,  at  least  in  the  regions  inhabited  by  Europeans. 
Perhaps  it  is  not  much  less  widely  distributed  than  are  the 
various  other  constituents  of  dust,  with  which  it  is  usually 
inhaled.  Their  occurrence  in  association  and  simultaneous  in- 
spiration, is  the  reason  why  phthisical  lungs  are  so  seldom 
seen  without  the  presence  also  of  anthracosis  or  of  indurative 
and  peribronchitic  processes.  And  though,  on  the  other  hand, 
it  is  not  everyone,  fortunately,  with  induration  of  the  apex 
or  interstitial  and  cirrhotic  thickenings  of  the  lungs  that  deve- 
lops phthisis,  yet  you  will  not  forget  that  the  mechanical  or 
<^emicalefFectsof  foreign  bodies  enteringthe  lungs  must  follow 
inevitably,  while  an  organised  virus  is  not  capable  of  flourish- 
ing and  developing  in  every  organism. 

But  is  tuberculosis  the  only  infective  disease,  the  virus 
of  which  enters  the  human  organism  together  with  the  in- 
spired air  ?     I  think  not.     One  is  most  inclined  to  accept 
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this  mode  of  infection  in  those  diseases  whose  chief  situation 
is  the  respiratory  organs  themselves.  That  infiuenza  and 
whooping'cough  are  infective  diseases  is  questioned  by  no  one  ; 
but  who  would  venture  now  to  decide  whether  many  cases  of 
ordinary  laryngitis  and  bronchitis  are  not  infective  in  charac- 
ter ?  I  remind  you,  too,  of  diphtheria  of  the  larynx  and  bron» 
ehi,  of  pleuro-pneumonia  in  cattle,  and  typical  croupous  pneu-^ 
monia.  In  fact,  it  appears  to  me  that  anyone  who  is  convinced 
,of  the  parasitic  nature  of  the  different  species  of  virus  must 
find  the  assumption  extremely  seductive,  that  the  virus  of  those 
infective  diseases  which  are  localised  in  the  lungs  is  inhaled. 
Yet  there  exists,  in  my  opinion,  no  fundamental  reason  for 
confining  this  assumption  to  the  diseases  localised  in  the  re- 
spiratory organs.  Now  that  all  doubt  has  long  ceased  as  to 
whether  corpuscular  matters  may  pass  from  the  alveoli  into 
the  lymph-channels  of  the  lungs,  and  thus  arrive  in  the  juices 
of  the  body,  it  is  very  conceivable  that  the  virus  of  the  mala- 
rial diseases,  of  relapsing  fever,  of  typhus,  &c.,  may  be  taken 
np  in  this  way  by  the  organism.  The  hypothesis  appears  to 
me  to  be  at  least  worth  discussing,  and,  so  far  as  I  see,  is  no 
less  justifiable  than  the  assumption  of  an  infection  from  the 
intestine  or  even  from  a  wound  of  the  skin.* 

*  In  connection  with  this  chapter,  cf.  the  text-books  of  Canitatt,  Wun- 
derlich,  Niemeyer,  Lebert,  the  appropriate  sectionB  in  v.  Ziemssen's  '  Hand- 
buch,  and  especiallj  the  excellent  exposition  by  Biermer  in  '  Virchow's 
Handb./  t,  i,  which,  tinfortnnfttely,  remained  uncompleted. 


CHAPTER  II. 

THK    EK8PIEAT0BY   MOVEMENTS    AND   THE    FULMONAEY 
OIBCULATION. 

Abnormal  character  of  respiratory  movements. — Their  secondary 
and  primary  dyspnceic  augmentation. — Their  dimensums 
inadequate, — Impedimenta  to  inspiration. — Defects  of  the 
diaphragm. — Loss  of  contractile  substance  by  the  muscles  of 
inspiration. — Paralysis  of  their  nerves. — Abnormal  resist' 
ances  on  the  part  of  the  abdomen  and  tlkoraa. — Pain. — 
Impedimentsto  expiration, — Tonicspasm  of  the  diaphragm. 
— Rigidity  of  the  thorax.  — Deficient  elasticity  of  the  lungs. 
— Consequences  to  the  interchange  of  gases. — Changes  in 
the  mechanism  of  respiration. 

Abnormalities  in  the  pulmonary  circulation. — Esaclusion 
and  occlusion  of  blood-vessels. — Cardiac  lesions. — Obstacles 
to  change  of  volume  of  the  lutigs. — Regulation  by  means  of 
hypertrophy  of  the  right  heart. — Disturbances  and  cessa* 
tion  of  this  regulation. — Dyspnoea. — The  dyspnceic  m^ove- 
ments  of  respiration  as  regulators  of  the  pulmonary  circu- 
lation. 

Influence  of  an  abnormal  constitution  of  the  blood  on 
respiration. — Cholera  and  anrnmia. 

Whilb  discussing  the  distarbances  of  respiration  arising 
from  a  fanltj  condition  of  the  air-passages,  it  was  implicitly 
assumed  that  the  apparatus  carrying  out  the  respiratory  move^ 
ments  woi'ked  regularly,  and  that  the  circulation  was  perfectly 
normal ;  for  on  these  chiefly  depends  the  possibility  of  that 
prompt  regulation,  by  an  alteration  and  strengthening  of  the 
mode  of  respiration,  on  which  stress  has  so  often  and  so  em- 
phatically been  laid.  Now  this  assumption  is  far  from  being 
always  realised ;  yoa  know  what  an  important  role  is  played 
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in  pathology  by  disturbances  of  the  circulation^  whether  of 
the  flow  or  coustitiition  of  the  blood  ;  and  an  abnormal  be- 
haviour of  the  apparatuH  carrying  out  the  respiratory  raove- 
rnents  is  so  frequently  observed  by  the  physician,  that  any- 
one desiring  to  study  the  pathology  of  respiration  can  cer- 
tainly not  afford  to  leave  these  factors  out  of  sight.  For, 
to  take  the  second,  the  respiratory  movements,  first ;  it  is 
quite  correct  that  these,  even  when  most  vigorous  and  regu- 
lar, are  worthless  if  air  is  prevented  from  entering  the  lungs, 
or  if  the  lungs  are  kept  from  following  the  movements  of  the 
thorax  ;  but  it  is  no  less  true  that  even  with  the  greatest 
degree  of  pervionsnoss  of  all  the  air-passages  and  absolute 
integrity  of  the  pleural  cavities,  an  exchange  of  gases  be- 
tween the  blood  and  atmosphere,  sufficient  to  maintain  life 
even  for  ii  short  time,  would  be  impossible  if  the  movements 
of  respiration  did  not  constantly  convey  fresh  air  to  the 
alveoli.  The  more  fundamental,  therefore,  the  importance 
of  the  movements  to  the  process  of  respiration,  the  greater, 
naturally,  will  be  the  interest  claimed  by  pathological  de- 
rangements and  abnormalities  of  these  movements. 

But  what  is  meant  by  faulty  or  jjuiholotjical  respiratory 
movements  ?  A  new-bom  child  breathes  much  oftener  than 
uu  adult  ;  the  mode  of  respiration  in  a  woman  differs  from 
that  in  a  man  ;  still  greater  differences  are  observable,  how- 
ever, in  the  mode  of  respiration  of  one  and  the  same  perfectly 
healthy  individual  within  very  short  intervals.  If  you  see  a 
person  who  has  just  run  rapidly  up  several  steps  breathing 
laboriously  and  frequently,  perhaps  panting  for  breath,  will 
you  therefore  at  once  put  him  down  as  suffering  from  disease 
of  the  lungs  ?  Certainly  not,  if  after  u  short  rest,  you  again 
observe  the  eighteen  regular  and  easy  respirations  which  a 
person  of  that  age  is  accustomed  to  take  per  minute  with  the 
body  at  rest.  No ;  such  alterutious  in  tlie  mode  of  rcspir&- 
tioUf  though  sharp  and  extremely  conspicuous,  not  only  lie 
within  the  limits  of  health,  but  are  even  the  direct  expression 
of  the  physiological  reaction  of  the  organism  to  the  change 
in  the  gaseous  contents  of  the  blood.  That  human  life  may 
be  BDstaiued  and  its  functions  progress  regularly,  it  is  iudis- 
pcuBftble  that  the  oxygen  contained  in  the  blood  should  not 
fall  below,  and  the  carbonic  acid  should  not  rise  above,  certain 
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limits^  and  to  secure  this  is  the  office  of  the  respiratory  pro- 
cess. This  it  must  do  not  only  when  the  body  is  at  rest^  and 
under  the  ordinary  average  conditions,  which  may  be  termed 
the  normal,  but  under  all  circumstances,  however  greatly 
they  may  deviate  from  the  normal.  To  satisfy  these  varying 
demands  the  organism  has  recourse  to  changes  in  the  move* 
ments  of  respiration.  While  the  quiet,  easy  respirations  ordi- 
narily suffice,  the  movements  are  increased,  in  depth  or  fre- 
quency or  both,  so  soon  as  for  any  reason  the  carbonic  acid 
of  the  blood  becomes  abnormally  excessive  or  the  oxygen* 
contents  fall  below  normal,  and  this  continues  till  the  normal 
standard  is  restored.  Thus  the  laboured,  dyspnoeic  breathing 
is  the  means  of  compensating  for  the  increased  production  of 
carbonic  acid  during  muscular  exertion,  and  we  have  seen 
that  the  same  regulative  measare  is  employed  in  stenosis  of 
the  air-passages.  When  discussing  the  latter,  I  was  able  to 
show  by  figures  how  perfect  is  the  regulation  effected  by 
the  dyspnoeic  breathing ;  but  that  this  is  also  the  best  means 
of  correcting  an  excess  of  carbonic  acid  due  to  other  causes, 
follows  directly  from  the  fact  that  the  amount  of  this  gas  con* 
tained  in  the  expired  air  undergoes  an  absolute  increase  either 
when  the  single  respirations  are  deeper  or  their  frequency 
greater  than  normal. 

If  the  dyspnoeic  respiratory  movements,  occurring  in 
stenosis  of  the  air-passages,  or  the  like,  be  regarded  as  patho* 
logical  because  they  are  due  to  a  morbid  condition,  no  excep- 
tion can  be  taken  to  such  a  course ;  yet  they  must  not,  it  ia 
evident,  be  reckoned  among  the  factors  by  which  the  respira- 
tory process  is  impaired  or  deranged.  But  if  this  secondary 
dyspnoea  cannot  now  be  the  subject  of  discussion,  this  is  true 
no  less  of  the  vigorous  movements  of  respiration  which, 
in  contrast  to  the  former,  may  be  termed  primary,  I  refer 
among  other  things  to  the  fact  that  a  person  can  to  a  certain 
extent  voluntarily  alter  his  mode  of  breathing,  and  may,  if  he 
will,  breathe  more  deeply  or  more  frequently.  As  the  result 
of  certain  emotional  conditions,  also,  the  breathing  may  be 
accelerated  or  deepened.  Then,  we  meet,  more  especially  in 
the  hysterical,  with  paroxysms  of  short  or  longer  duration,  in 
which  the  respirations  are  extremely  frequent  and  all  the  re- 
spiratory muscles  engaged,  so  that  the  breathing  actually  re* 
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sembles  that  of  a  huutud,  pautiug  dog.  Another  variety  of 
primary  augmentation  of  the  movements  of  respiration,  not 
depondiug  on  obstacleB  to  breathing,  is  keai-dyfrpnwa,  which 
always  develops  when  the  mednlla  oblongata  is  bathed  by 
blood  of  abnormally  high  tempenituro.  Yet,  however  striking 
these  forms  of  dyspnoea  may  be,  they  have  no  importance 
whatever  for  the  pathology  of  respiration.  The  fact  that  their 
duration  is  always  brief  is  enough  to  render  them  insignifi- 
cant. No  one  can  long  continue  voluntarily  to  take  forced 
respirations  ;  the  dyspnoeic  paroxyms  of  the  hyetei-ical  never 
last  long  ;  nnd  even  towards  high  temperatures  the  energy 
of  the  respiratory  centre  is  speedily  exhausted.  But  their 
unimportance  as  regards  the  question  engaging  our  attention 
is  proved  chiefly  by  the  fact,  established  by  the  researches 
of  Voit^*  Pfiuger,t  and  their  pupils,  that  such  alterations  of 
tho  mechanism  of  respiration  exert  no  influence  on  the  gasee 
of  the  blood  except  that  involved  in  the  increased  work 
of  the  respiratory  muscles.  For  it  follows  directly  therefrom 
that  an  inerease  of  the  tcork  done  by  these  v\u»tlee  in  ejece$tiof 
tho  existing  demauil  of  the  organi^n  for  air  ia  of  no  consequence 
to  the  reitpirntory  process  itself. 

It  is  not  so  in  the  opposite  condition,  t.  e.  when  the  reajn^ 
ratory  movements  are  inailefiuaU\  You  will  willingly  dispense 
with  a  detailed  description  of  the  normal  process  of  respira- 
tion.  For  it  is  well  known  to  you  that  the  inspiratory  dila- 
tation of  the  thorax  takes  place  through  the  coutraction  of 
certain  muscles,  in  tho  male  chie£y  of  the  diaphragm  and 
also  of  the  external  intercostals  ;  while  in  the  costal  type 
of  respiration  in  the  female,  in  addition  to  the  diaphragm 
the  chief  part  of  tho  work  is  done  by  the  external  inter- 
costals, Bcaleni,  and  levatores  costarum.  The  contraction 
of  these  muscles  overcomes  the  resistance  of  the  ribs  and 
of  the  elasticity  of  the  lung  as  well  as  that  of  the  intes* 
tines  and  abdominal  muscles,  and  in  this  way  enlarges 
the  thorax  in  its  vertical,  transverse,  and  antero-posterior 
diameters.  On  the  other  hand,  you  will  bear  in  mind 
that  ordinary  quiet  expiration  is  a  passive  process,  and  occurs, 

■  Vuit,  '  Z«itftcbr.  f.  BioL,'  xiv,  p.  94.  oontifcini  a  re»um«  of  hia  owu  and 
his  pnpiU'  reteuL'hes. 

t  Pflu>j;er,  his  *  Arcshiv,"  xiv,  p.  t. 
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after  the  contracted  mascles  have  relaxed,  simply  through  the 
return  of  the  parts,  by  virtue  of  their  elasticity  and  weight, 
to  the  position  occupied  by  them  before  their  equilibrium  was 
disturbed  by  the  inspiration.  Hence  it  evidently  follows  that 
the  regular  progress  of  inspiration  depends  above  all  on  the 
ability  of  tits  proper  muscles  to  contract  properly^  while  normal 
expiration  requires  the  occurrence  of  muscular  relaxation  at 
the  proper  moment,  when  the  elasticity  of  the  lungs  and  ribs 
efEect  the  rest.  Let  us  now  see  whether  conditions  are  met 
with  in  pathology,  in  which  one  or  other  of  these  requisites 
fails  to  be  met. 

In  order  that  the  inspiratory  muscles  may  contract  pro- 
perly they  must  not  only  be  present,  but  normal  in  structure. 
Imperfect  formation  of  one  of  the  respiratory  muscles  may 
sometimes  occur  on  the  wall  of  the  thorax,  but  only  when 
involving  the  diaphragm  is  it  at  all  important.  Here  too, 
however,  the  evil  attending  small  defects,  whether  congenital 
or  the  result  of  injury,  does  not  consist  so  much  in  an  inter- 
ference with  muscular  contraction  as  in  the  danger  lest  some 
of  the  contents  of  the  abdomen,  e.  g.  the  stomach  or  a  loop 
of  intestine,  may  escape  into  the  cavity  of  the  thorax.  For 
it  is  precisely  during  and  owing  to  the  contraction  that  small 
apertures  and  rents  of  the  diaphragm  are  closed,  and  the  defect 
must  consequently  be  large  to  directly  damage  inspiration. 
Unilateral  complete  rupture  and  total  absence  of  one  half  of 
the  diaphragm  have,  however,  been  observed,  or  the  organ 
may  be  altogether  absent.  Yet  even  if  the  diaphragm  and  the 
other  respiratory  muscles  are  regularly  formed  and  free  from 
injury,  their  functional  power  may  be  considerably  impaired 
by  several  factors.  This  will  be  the  case  more  especially  as  the 
result  of  processes  attended  by  a  serious  loss  of  contractile 
substance.  The  contractions  can  obviously  only  be  feeble 
when  the  energy  of  the  muscles  has  been  greatly  reduced  by 
severe  pyrexial  disease,  especially  by  typhoid  ;  or  when  the 
diaphragm  has  undergone  a  fatty  change — to  the  frequent 
occurrence  of  which  in  emphysema,  bronchitis,  and  heart- 
disease,  attention  has  recently  been  directed  by  Zahn  ;*  or, 
still  more,  when  the  inspiratory  muscles  are  extremely  wasted 
as  the  result  of  great  debility  or  in  the  course  of  progressive 
•  Zahn, '  Vireh.  A./  lzxiii»  p.  x66. 
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mascular  atrophy.  But  a  Ictss  by  displacement  and  destrao- 
tion  of  large  portionaof  muscular tissne,  both  iu  the  diaphragm 
and  the  ioteroostals,  &c.,  may  also  bo  brought  about  by  dense 
and  extensive  cancerous  infiltration,  and  the  function  of  these 
muscles  must  no  less  suffer  tn  consequence  of  inflammation, 
such  as  plouritis  and  peritonitis  diaphragmatica,  in  which  a 
slighter  degree  of  inflammatory  oedema  makes  its  appearance, 
or  as  the  result  of  the  more  intense  and  severe  effects  attend- 
ing an  extensive  invasion  by  trkhinse.  The  action  of  the  in- 
spiratory muscles  will  be  still  more  interfered  with,  I  need 
hardly  say,  by  ■paraly»i8  of  the  nerves  supplying  them.  Such 
paralysis  is,  it  is  true,  uncommon,  but  it  may  be  due  either 
to  a  central  cause, «,  g,  injury  or  a  focal  disease  of  the  medulla 
oblongata,  or  to  a  peripheral  one,  e.  g,  compression  of  the 
phrenic  in  the  nock.  Paralysis  of  the  diaphragm  has  also 
been  observed  after  lead-poisoning  and  in  hysterical  patients, 
and  rheumatic  paralysis  of  the  diaphragm,  intercostals,  and 
sualeni  has  been  deHcribed  by  neuro-pathulogists.  But  even 
when  the  muscles  and  nerves  are  quite  normal,  the  occurrence 
of  an  adequate  contraction  may  be  rendered  impossible  by  an 
unnatural  increase  of  the  resistances  to  be  overcome  by  the 
respiratory  muscles.  Here  we  are  chiefly  concerned  with  the 
abdomen,  whose  contents  are  compressed,  and  whose  mnscular 
wall  is  put  on  the  stretch  and  protruded  forwards  by  the 
inspiratory  flattening  of  the  diaphragm.  The  movements  of 
the  latter  may  be  reduced  to  a  minimum  in  a  dog,  or  still 
better  in  a  rabbit,  by  tightly  applying  an  elastic  bandage  to 
the  lower  section  of  the  thorax  and  the  abdomen.  This  factor 
tells  in  pathology  in  another  but  no  less  effective  way.  When 
a  large  solid  tumour,  a  great  accumulation  of  fat,  or  a  volumi- 
nous collection  of  liquid  is  present  in  the  abdominal  cavity, 
or  when — the  most  frequent  of  these  disturbances — the  intes* 
tines  are  distended  with  gas  so  as  to  produce  marked  meteor- 
ism  and  tocause  extreme  arching  of  the  diaphragm,  this  muscle 
is  quite  incapable  of  compressing  the  contents  of  the  abdo- 
men. Moreover,  extensive  ossification  of  the  costal  cartilages 
and  the  resulting  rigidity  and  comparative  immobility  of  the 
thorax,  such  as  commonly  accompanies  pulmonary  eraphy- 
aenia,  must  essentially  impede  the  action  of  the  levatores  cos- 
tarum.     On  the  other  hand,  it  is  not  easily  conceivable  that 
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the  resisbanceB  on  tlie  part  of  the  lungs  should  ever  g^w 
so  considerable  as  to  be  incapable  of  being  overcome  by  the 
contraction  of  the  inspiratory  muscles.      Have  w«  not  seen 
that  when,  for  any  rea^n,  large  portions  of  a  long  cannot  be 
expanded,  the  inspiratory  pull  produces  an  abnormal  eotaaia 
of  the  remaining  distensible  section,  and  thus  gives  rise  to 
vicarioas  emphysema  ?      Moreover,  in  the  inany  cases  where 
iraperviousness  of  the  minute  air-passages,  a  condensation  of 
the  pulmonary  pareuchyfoa,  opposes  an  abnormal  resistance 
to  the  contraction  of  the  inspiratory  muscles — in  extensive 
pleuro-pneumonia,   for  example — a  circumstance   of  a  very 
different  kind    contributes   to   lessen   the  activity   of   these 
musclesj  namely,  the  pain.      The  patient  instinctively  avoids 
everything  that  might  aggravate  the  stitch  and  discomfort, 
and  he,  therefore,  early  iu  the  disease  commences  breathing  as 
superficially  as  possible,  so  as  to  guard  to  the  ntmost  against 
stretching  and  movement  of  the  inBamed  pleura.      That  the 
pain  is  also  an  additional   factor,  enfeebling  the  inspirations 
of  persons  suffering  from  trichinosis,  you  will  be  the  more 
ready  to  credit  on  remembering  that  the  triohinie  are  inclined 
to    invade   by   preference   the   diaphragm    and   intercostals. 
Recent  fractures  of  the  ribs  will  act  in  the  same  direction ; 
in   shortj  any  pain   setting  in  at  the  height  of  inspiration, 
whatever  its  cause,  may  render  the  breathing  shallow,  as  waa 
long  ago  pointed  out  by  Traube*  with  regard  to  perityphlitis. 
The  factors  that  are  calculated  to  interfere  with  expiration 
are  of  a  different  character.      As  regards  the  action  of  the 
muscles,  in  the  first  place,  the  effect  produced  by  paralysis 
of  the  diaphragm  on  inspiration  is  analogous  to  that  resulting 
from  t<m{c  corUraction  of  the  same  muscle  to  expiration.      For 
it  is  obvious  that  so  long  as  the  diaphragm  contiouea  tonic- 
ally  contracted,  t.  e,  in  the  position  of  deep  inspiration,  the 
lungs  canuot  diminish.     Since,  however,  the  relaxation  of  the 
contracted  inspiratory  muscles  is  only  a  necessary  preliminary 
to  the  expiratory  diminution  of  the  thorax,  which  is  brought 
about  by  the  weight  and  elasticity  of  the  thorax  and  lungs, 
the  regular  relaxation  of  the  diaphragm  dotis  not  guarantee 
a  normal  expiration.      Rather,  the  rigidity  and  immobility  of 
the  chest-wall,  to  which  reference  has  already  been  madc> 
*  Tranbtf,  *  Qoi.  AbhAudl  /  if,  p,  5^ 
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iDDst  provo  prejudicial  to  expiration  ;  and,  above  all,  wo  can- 
not count  upon  the  prompt  and  snfRcient  diminution  of  the 
thorax  if  the  lungs  do  not  retract  energetically.  Wo  have 
already  (vol.  iii,  p.  1025)  discussed  the  circumstances  under 
which  the  elasticity  of  the  pulmonary  tissue  is  diminished^ 
and  we  then  dwelt  on  the  fact  that  this  occurs  in  a  very  emi- 
nent degree  in  voUimen pulmonum  aucium  &nd.  in  true  empky' 
0ema  of  the  lungn.  The  spontaneous  contraction  of  the  thorax 
is  most  difficult  when  the  emphysema  involves  both  lungs, 
and  the  greater  part  of  their  tissnc  is  converted  into  a  system 
of  more  or  less  large,  very  thin -walled,  lax  and  inelastic  air- 
BacB ;  and  certainly  the  importance  of  such  conditions  is  in 
this  respect  much  greater  than  is  that  of  much  larger  phthi- 
sichI  or  bronchiectatic  cavities,  when  these  are  confined,  as 
is  usual,  to  the  superior  portions  of  the  lungs. 

Bat  whether  inspiration  or  expiration  is  interfered  with, 
the  immediate  result,  so  far  as  the  gaseous  contents  of  the 
blood  are  concerned,  will  be  the  same.  For  if,  from  any 
cause,  the  thorax  is  less  dilated  during  inspiration  than  it 
normally  should  be,  the  normal  amount  of  air,  rich  in  oxygen, 
cannot  penetrate  to  the  alveoli ;  and  if,  on  the  other  hand^ 
the  thorax  and  lungs  are  nnable  to  contract  in  regular  fashioa 

ariug  expiration,  the  air  of  the  alveoli,  containing  carbonic 
id,  cannot  escape  as  it  should  do.  The  result  is  the  remain- 
ing over  of  too  large  a  quantity  of  residual  air,  which,  itself 
useless,  prevents  the  fresh  air  from  reaching  the  respiratory 
surface.  The  condition,  you  perceive,  exactly  resembles  that 
in  stenosis  of  the  air-paasages.  And  just  as  in  the  latter,  the 
redactionof  the  respiratory  exchange  of  gases  would  hero  also^, 
according  to  its  degree,  sooner  or  later  terminate  life,  had 
not  the  organism  at  command  two  excellent  means  of  regnla- 
tion,  of  which  it  makes  use  in  stenosis,  namely,  reduction  of 
oxygen-consumption,  on  the  ono  hand,  and  modi&cation  of 
the  respiratory  movements,  on  the  other.  You  will  not  re- 
quire me  to  go  into  the  first  mode,  and  to  explain  that  the 
patients  are  able  to  limit  the  production  of  carbonic  acid 
chiefly  by  reducing  as  far  as  possible  their  muscular  work  ; 
bat  a  short  discussion  of  the  second  point  may  be  more  desir- 

ibie,  as  in  these  cases  the  control  of  the  organism  over  the 
respiratory  muscles  is  not  without  its  limits. 
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Too  feeble  and  inadeqaate  inspiration  ia  compecsated  either 
by  transferring  the  work  froftt  the  incapable  fMtscIes  io  othtir 
more  cnpable  ones,  or  by  tncretinng  the  frequency  of  rev^nr  aKon» 
Wben  the  descent  of  the  diapbragtn  is  prerenbed  by  thtt 
presence  of  a  large  tumour  or  ooUection  of  flaid  in  the  ab- 
domen^  or  when  this  muscle  is  degenerated,  atrophied,  or 
paralysed,  respiration  in  the  male  also  aesames  the  eosial  type; 
t.  e.  the  contraction  of  the  intercostals  and  scaleai  brings 
about  the  dilatation  of  the  thorax  quite  saificiently  when  the 
body  is  at  rest^  while  in  laboured  breathing  the  levatorea 
coatarum,  serratl,  &c.j  are  chilled  upon  for  aid.  It  is  thus 
possible  to  maiutain  respiration  even  in  complete  absence  of 
the  diaphragm,  and  so  to  prolong  life;  bat  the  individuals 
afflicted  with  this  malformation  have  a  second  task  to  per- 
form, namely^  to  put  the  abdominal  wall  on  the  stretch  so 
that  the  inspiratory  dilatation  of  the  thorax  may  really  be 
adrantageons  to  the  longs.  This,  it  is  truOj  presupposes  tKat 
the  other  muscles  above  named  are  intact  and  perfectly  func- 
tional ;  and  if,  in  the  coarse  of  severe  typhoid,  the  contractile 
power  of  the  remaining  miiBcles  has  decreased  equally  with 
that  of  the  diaphragm,  or  if  both  diaphr^^  and  intercostals 
are  equally  attacked  by  trichinas,  the  intercostal  masoles  can- 
not vicariously  perform  the  work  of  the  diaphragm.  In  such 
oases  the  organism  has  recourse  to  increasBd  frequency  of 
breathing  ;  instead  of  the  deep  and  comparatively  infrequent 
respirations,  shallower  bat  much  more  numerous  ones  are 
taken.  The  same  thing  occurs  when  the  inspirations  are 
cut  short  by  pain  and  thus  rendered  shallow  ;  this  is  one  of 
the  canses  of  rapid  breathing  in  pnenmonia»  for  example* 
Indeed,  even  when  abnormal  resistances  impede  respiratioHy 
there  is  an  ultimate  resort  to  increased  frequency.  Modemte 
obstacles  lead  first,  it  is  true,  to  aagmented  action  of  the 
muscles,  so  that  one  not  uncommonly  finds  in  the  emphyse^ 
matoQS  an  actaal  hyj»ertro^phy  of  the  scaleni,  levatoree  cos- 
tarum,  and  remaining  muscles  of  the  neck  and  chest,  whose 
office  it  is  to  elevate  the  rigid  and  resisting  thorax.  Bat 
if,  owing  to  the  absolute  strength  of  the  abnormal  resist* 
ance  or  to  the  insufficMent  mu^cuUr  power,  the  obstacle  can- 
not bo  overcome  by  such  efforts,  the  breathing,  as  stated, 
becomes  frequent.     Thus,  in  a  pnerpend  woman  with  extreme 
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iDeteorism,  50  or  60  reBpirations  may  be  counted,  even  when 
there  is  nothing-  morbid  in  the  thorax.  True,  thene  respira- 
tions are  very  superjicial ;  and,  were  the  breathing  not  abnor- 
uialty  frequent,  they  would  be  far  from  sufficient  to  eecure  the 
physiological  interchange  of  gases.  Even  so,  the  compensa- 
tion by  increasing  the  number  of  reepirstious  is  not  perfect. 
The  deeper  portions  of  the  lungs,  in  particular,  are  not 
supplied  with  air,  and  hence  there  is  nothiug  more  favorable 
to  the  production  of  ateltctanet*  thsm  this  mode  of  respimtion. 
If  you  consider,  moreover,  that  with  such  superficial  iuspira- 
tions»  vigorous  coughing  with  proper  expectoration  is  impos- 
sible, it  will  be  evident  that,  in  such  conditions,  bronchial 
catarrh  will  only  too  readily  develop,  and,  again,  that  spleni- 
eation  and  bronchopneumonia  will  often  ensue  on  marked 
brtiiiuhitis. 

The  way  in  which  the  mode  of  respiration  ia  altered  when 
expiration  is  impeded  is  not  unknown  to  you  from  former 
diBcuasious.  The  most  obvious  resort,  when  the  object  is  to 
overcome  resistances,  is  the  change  uf  the  expirations  from 
being  passive  to  active  ;  t.  e.  the  internal  intorcostals  and, 
abovo  all,  the  abdominal  muscles  contract  vigorously.  This 
change  is,  in  fact,  observed  in  the  emphysematous,  in  whom 
expiration  is  wout  to  bo  decidedly  prolonged  and  laboured. 
Still,  yoQ  will  not  fnil  to  notice  that,  as  already  pointed  out, 
the  insufficient  expiratory  diminution  of  the  thorax  must 
necessarily  be  attended  by  impaired  inspiration.  When,  for 
example,  the  luuge  do  not  normally  retract,  the  relaxed  dia- 
phragm cannot  become  sufficiently  arched,  and  the  next  con- 
traction consequently  fads  to  secure  an  adequate  froah  dila- 
tation of  the  thorax.  Hence  in  these  conditions  the  signs  of 
an  inspiratory  dyspncBa  must  of  necessity  become  associated 
with  those  of  the  expiratory  dyspnu^a  ;  and  in  the  more  ad- 
vanced degees  of  pulmonary  emphysema  one  sous  the  unha]>py 
patient  employing  all  the  accessory  muscles  of  inspiration 
aud  expiration  in  the  endeavour  to  appease  his  tormenting 
hunger  for  air.  A  similar  state  is  produced  by  tonic  cramp 
of  the  diaphragm,  except  that  here  superticial,  but  very  fre- 
quent, hurried  respirations  are  carried  out,  chiefly  by  the 
unaffected  upper  part  of  the  chest-wall. 

By  means  of  this  twofold  regulation — redaction  of   the 
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demand  for  oxygon  and  change  in  the  mode  of  respiration-— 
the  organism  has  really  the  power  of  so  compeneatiog  even 
considerable  defects  and  deficiencies  in  the  respiratory  move- 
ments that  the  gaseous  contents  of  the  blood  do  not  greatlj 
deviate  from  the  values  indispensable  for  the  maintenanoo 
of  life.  The  utility  of  such  regulation  is  of  course  most  appa- 
rent  in  distorbancos  which  pass  off  after  a  longer  or  shorter 
period,  as  e,  g,  in  cramp  of  the  diaphragm,  as  well  as  in  many 
cases  of  meteorism,  in  trichinosis  and  in  typhoid  ;  for  hero 
the  main  object  is  to  sustain  life  till  the  abdominal  tension 
has  abated,  or  the  myositis  has  been  removed,  or  the  muscles 
weakened  by  typhoid  have  regained  their  strength — in  short, 
till  the  normal  conditions  have  been  restored.  Bat  even  in 
persons  whose  complete  recovery  is  impossible  this  regnla* 
tiou  is  no  less  important,  because  by  it  a  supportable,  thongh 
not  a  perfectly  physiological,  existence  may  be  maintained, 
not  uncommonly  for  many  years.  If  then  the  experiencee 
we  gained  in  connection  with  stenosis  of  theair-paaaagea  are 
repeated  in  the  derangements  now  engaging  onr  attention,  it 
will  be  unnecessary  to  show  that  the  power  of  regulation  has 
its  limits  in  the  present  instance  also.  For  the  consumption 
of  oxygon  cannot  be  reduced  below  a  certain  minimam,  nor 
can  the  respiratory  movements  be  modified,  or  increttsed  in 
number,  beyond  certain  limits.  When,  however,  the  bound- 
aries of  the  regulative  capacity  are  exceeded,  the  inevitable 
result  is  asphyxia,  wiih  the  details  of  which  we  shall  vory 
soon  have  to  occupy  ourselves  more  minutcdy. 


We  now  come  to  the  thirds  and  no  less  important,  factor 
inSucnciug  the  respiratory  process,  namely  the  pulmonary 
eirculati(m.  l{,  as  we  were  able  to  assart,  tlie  exchange  of 
gases  between  the  atmosphere  and  the  blood  is  to  proceed 
regularly  in  the  lungs,  not  only  must  freah  air  constantly  eater 
the  alveoli,  but  frevh  blood  moat  be  supplied  to  the  c»piUariea, 
or,  in  other  words,  tk^  bloodstream  ikrougk  the  Imngg  mn*i 
b»  rtgvlar.  Now  though  we  are  prettr  accnraiely  aoquainted 
\\Ah  the  anatomic  ^ 

vu»M?U,  and  in  ptii: ,  -    ...^u 

network  of  capillaries,  yet  we  have  mock  to  Uam  before  wo 
suHlciently  infonoed  on  ail  the  details  of  the  blood-atream 
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itself  :  we  do  not  even  kaow  wliether  norzually  the  pulmonary 
capillariefi  are  all  constantly  and  equally  filled  with  blood,  or 
whether  the  blood-stream  is  unequally  distributed  overtheee 
chaun&U.  One  thing  is  certain,  however, — that,  owing  to 
the  slight  degree  of  resistance  in  the  pulmouary  circulation, 
the  blood  flows  through  the  lungs  under  low  tension  but  with 
no  inconsiderable  volucity,  a  velocity  which  is  augmented  at 
every  inspiratory  dilatation  of  the  lungs.  Undoubtedly  such 
a  flow  is  most  advantageous  to  the  exchange  of  gases  in  the 
lungs,  and  in  fact  the  exchange  goes  on  under  these  circum- 
stances without  interruption  and  with  perfect  regularity,  pro- 
vided the  blood  contains  a  sufliciont  number  of  red  corpusclesj 
which,  as  is  well  known,  absorb  and  fix  the  oxygen. 

Deraugemeuts  of  the  pulmonary  circulation  are,  you  are 
aware>  some  of  the  commonest  occurrences  in  patholgy.  I 
remind  you  of  the  processes, formerly  discasaed  (vol.  ij  p.  loi), 
by  which  smaller  or  larger  section*  of  the  vatfcular  /fysiem  of 
the  lungg  are  rendered  imperviowi.  When  branches  of  the 
pulmonary  arteries  are  obstructed  by  thrombotic  or  embolic 
plugs,  the  capillary  areas  fed  by  them  are  almost  lost  to  the 
circulation  ;  as  the  result  of  cirrhotic  processes  largo  sectiona 
of  the  vascular  system  may  be  obliterated;  where  phthisical 
or  bronchiectatic  cavities  are  established  the  vessels  must  be 
destroyed,  and  even  before  cavities  are  formed  by  uloera- 
iion,  the  vesflela  within  the  caseous  portions  of  the  lungs  most 
be  rendered  impervious  by  becoming  involved  iu  the  necro- 
sive  process  on  which  the  caseation  depends.  We  also  stated 
on  that  occasion  that  with  the  destruction  of  the  alveolar  sept* 
iu  pulmonary  emphysema  inunmerable  capillaries  perish,  and 
we  also  pointed  out  that  all  agents  by  which  a  lung  is  com- 
pressed and  its  natural  volume  reduced,  such  as  largo  pleu- 
ritic exudations  or  tumours,  and  pneumothorax  with  high  ten- 
sion, must  give  rise  to  the  ucclusiou  of  a  more  or  less  large 
number  of  vessels. 

But  even  when  the  vessels  of  the  lungs  are  pervious  and 
Dudiminished  in  number,  there  is  a  number  of  processes  by 
which  the  blood-stream  through  them  may  be  impeded.  Chief 
amongst  them  are  those r«r»ii'ao  leftytiis  in  consequence  of  which 
either  the  motive  puwer  of  the  right  ventricle  is  reduced,  or 
the  entrance  of  the  blood  of  the  pulmonary  veins  into  the 
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left  ventricle  is  opposed  by  abnormfll  resifitance^.  Afl  yoa 
will  remember  from  former  discuBBions,  the  pulmonftrj  circa- 
latioD  is  impeded  and  consef]nently  retorded  in  fatty  degene- 
ration of  the  right  heart  and  in  valvular  lesions  or  aneurysms 
of  the  palmonaryj  aa  well  as  iu  lesions  of  the  mitral  orifice  and 
in  extreme  pericardial  effusion ;  with  thie  diSerence  indeed^ 
that  iu  lesiuus  of  the  Erst  category  the  tension  under  which 
the  blood  flows  through  the  longs  is  abnormally  low,  while 
in  the  second,  on  the  contrary,  it  is  raised  above  the  normal. 
If,  moreover,  the  regular  respiratory  ch&nge  in  volume  of  the 
lungs  iaof  considerable  imporlacceas  a  meansof  furtheringthe 
circulation,  it  is  clear  that  anything  which  interferes  with  this 
change  of  volume  must  also  impair  the  blood-stream  through 
the  lungs.  Hence,  as  I  pointed  out  on  a  former  occasion,  the 
pulmonary  circnlation  suffers  in  complete  synechia  of  ike  layer* 
of  the  pleura^  which  prevents  the  lungs  from  gliding  along  the 
thorax  towards  the  abdomen  ;  and  in  this  albo  consists  one  of 
the  injurious  effects  of  ahtouic atelecifieis  and  of  chromcbran'* 
c/ii7r*,Hince  naturally  the8ection8oflang,intowhich  the  bronchi 
plugged  with  mucus  lead,  cannot  dilate  during  inspiration. 

The  total  result  to  the  6ow  through  the  lungs  amountjt,  it 
is  obvious,  to  the  same  thing  in  both  cases.  Wliether  the 
bluod-channel  be  diminished,  or  the  blood-stream  slowed, 
owing  to  defective  motive  power  or  abnormal  resistance,  less 
blood  must  pass  through  the  lungs  and  consequently  less  be- 
come saturated  with  oxygen,  in  the  absence  of  means  of  com- 
pensating  this  disturbance.  But  yon  well  know  the  means 
by  which  the  organism  is  able  to  neutralise  some  of  these  evils, 
namely,  the  aygmentnlion  of  the  work  of  the  rt^ht  ventricle, 
which,  if  continuous,  leads  to  its  hyp0rtroj)hy.  The  heart| 
acting  more  energetically  and  contracting  more  rigoroasly, 
drives  throngh  the  amaller  vascular  channel  as  much  blood 
as  did  the  feebler  contractions  through  the  wider  one,  and 
in  this  way  completely  overcomes  any  obstacles  that  oppose 
the  evacuHtion  of  the  veins,  eo  that,  in  spite  of  a  mitml  ste* 
nosis,  the  normal  quantity  of  blood  passes  through  the  lungs 
in  the  nnit  of  time.  The  tiow  of  the  blood  is  not,  it  is  true, 
so  perfect  as  iu  a  uormid  condition,  and  in  particular  we  must 
not  nnder-estimate  the  importance  of  the  fact  that  the  tension 
iu  the  pulmonary  capillaries  is  nocessarily  raised  in  sach  cases. 
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That  this  factor  should  itself  involve  any  interference  with 
the  exchange  of  gases  between  the  bloud  of  the  capillariee 
and  the  air  of  the  alveoli  is  certainly  improbable.  Bnt  there 
is  developed,  as  is  well  known,  under  the  influence  of  the  per- 
manent increase  of  pressure,  not  simply  an  ectasis  but  also  a 
Uiitkenin^  of  the  ve^xel  walU,  which  when  affecting  the  large 
fessels  is  perceptible  to  the  naked  eye  ;  and  if  this  extends 
to  the  capillaries,  it  is  evident  that  it  must  fieriously  impede 
the  diffusion  of  gases.  It  is  possible,  then,  that  this  circum- 
stance may  be  no  less  renponsible  for  the  slight  dyspunea 
which,  despite  perfect  compensation,  is  usually  found  in  per- 
sons with  mitral  stenosis,  than  is  the  encroachment  of  the 
dilated  capillaries  upon  the  alveoli,  to  which  Tranbe*  re- 
peatedly called  attention.  Nevertheless,  no  great  weight 
appears  to  attach  to  this  relationship ;  at  any  rate,  if  a  num- 
ber of  twigs  of  the  pulmonary  artery  be  occluded  in  the  dog 
by  plugs  of  paraffin,  there  is  usnally  nothing  to  indicnte  a  dis- 
turbance of  respiration  ;  and  in  man,  too,  as  is  well  known, 
the  prcMonco  of  non-irritating  emboli  in  many  pulmonary 
branches,  even  of  high  order*  is  not  rarely  an  accidental 
post-mortem  discovery,  for  which  no  symptoms  intra  vitam 
had  prepared  us.  Similarly,  it  is  usual  for  persons  with 
synechia  of  the  plenra,  and  even  for  the  emphysematoas,  to 
enjoy  good  health,  in  spite  of  the  loss  of  numbers  of  the 
capillftries,  so  long  as  they  remain  free  from  bronchial  catarrh, 
by  which  the  access  of  air  to  the  remaining  vessels  would  be 
interfered  with.  For  the  lutter  factor,  the  perviousness  of 
the  alveoli  through  whose  capillaries  the  compensatorily  aug- 
mented blood-fitrcam  passes,  is  obviously  a  necessary  prelimi- 
nary, in  the  absence  of  which  the  cardiac  hypertrophy  would 
be  valueless  to  respiration.  If  they  are  pervious,  one  may 
coant  with  tolerable  certainty  on  the  gaseous  contents  of  the 
blood  remaining  within  normal  limits,  provided  tho  compen- 
sation of  the  circulatory  disturbance  is  perfect. 

Unfortunately,  however,  compensation  is  not  always  per- 
fect. In  the  first  plaoe^  there  are  some  lesions,  yon  are  aware, 
which  from  their  nature  reader  an  increase  of  the  heart's  work 
impossible,  such,  for  example,  as  fatty  degeneration  of  the 
right  heart  or  largo  pericardial  exudations.  In  a  second 
*  Tnabe,  Ibid.,  lj»  p.  jo8. 
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series  of  casesj  compensation  fails  because  the  derangement 
of  the  circalation  is  abaoluteli/  too  great.  This  applies  most 
evidently  to  direct  occlasion  of  branches  of  the  pulmonary 
arteries  by  thrombotic  or  embolic  plugs.  Traej  as  regards 
this  point,  the  experiments  of  Lichtheim  formerly  discusned 
have  revealed  the  remarkable  fact  that  a  quarter  the  normal 
united  sectional  area  is  sufficient  to  allow  the  normal  amount 
of  blood  to  pass  through  the  lungs.  This,  however,  is  tho 
lowest  limit  beyond  which  the  power  of  compensation  fails ; 
and  the  damage  to  the  circulation  cannot  be  averted  by  it^ 
when  more  than  three  quarters  of  the  pulmonary  vascular 
system  is  rendered  impervious  by  tho  occlusion  of  larger  or 
smaller  branches,  or  when  the  main  arteries  themselves  are 
occluded.  In  the  last  place,  you  know  that  the  compeusa- 
tion  of  the  circulatory  disturbance  is  still  more  frequently  in- 
Bufficieat  because  the  disturbance,  though  not  2}er  ae  irre- 
mediable^ is  so  for  the  heart  of  the  affected  individual— 
beoauBOj  in  other  words,  it  is  relatively  too  great.  In  old, 
debilitated,  or  constitutionally  feeble  persons,  or  in  those  re- 
duced  by  prolonged  illness,  a  fairly  good  hypertrophy  of  the 
heart  cannot  develop.  The  existence  of  an  older  lesion  similar 
to  the  recent  one  may  also  render  the  compensation  of  the 
latter  impossible.  Moreover,  the  functional  power  of  a  heart- 
muscle,  which  till  a  certain  time  has  worked  vigorously,  or  at 
least  adequately,  may  after  a  longer  or  shorter  period  become 
exhausted,  and  the  compensation  will  tben  of  course  be  at  an 
end. 

It  need  hardly  be  said  that  the  occlusion  of  the  main 
branches  of  the  pulmonary  involves  the  extinction  of  the  cir* 
culation,  and  that  the  event  is  absolutely  fatal.  This  accident 
or  its  equivalent,  the  occlusion  of  all  the  small  pulmonary 
arteries,  will  consequently  have  less  interest  for  you  than  the 
slighter  disturbances  in  which,  though  life  is  not  directly 
tlireatened,  compensfttioii  is  imperfect.  We  have  already 
feiTod  to  the  behaviour  of  the  pulmonary  blood-stream  uud( 
these  circumstances.  For  whatever  the  uatnre  of  the  disturb- 
ance, whether  a  diminution  of  tho  blood-channel  or  a  retardi 
tion  of  the  tlow,  the  amount  of  blood  juinfttntj  throuyh  the  /(mi 
in  the  unit  of  time  will  alitaya  he  rtducrd  hrJow  thi*  normal  jiian- 
dard.     This  appIieH  equally  to  cardiac  lesions,  pleuritic  exa- 
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dations^  and  total  synechia  of  the  pleura,  in  all  of  which  this 
result  is  averted  solely  by  the  compensatory  hypertrophy. 
We  have  also  referred  to  the  consequences  accruing  to  the 
exchange  of  gases  in  the  blood  ;  here  also  there  is  necessarily 
a  defect.  For  while,  owing  to  the  retardation  of  the  streamj 
the  blood-corpuscles  in  the  pulmonary  capillaries  can  gene- 
rally become  thoroughly  saturated  with  oxygen,  yet  you  will 
not  forgot,  on  the  other  band,  that  the  same  slow  movement 
allows  the  blood  very  completely  to  dispose  of  its  oxygen 
end  to  absorb  carbonic  acid  in  the  systemic  capillaries,  so 
much  so  that  in  those  cases  the  blood  conveyed  by  the  pul- 
monary arteries  into  the  capillaries  of  the  lung  is  much  more 
venous  than  normal.  Rut  the  apparent  advantage  is  chiefly 
rendered  illusory  l>y  the  fact  that  an  almost  perfect  saturation 
of  the  haemoglobin  with  oxygen  takes  place  even  with  the 
physiological  more  rapid  flow.  The  fact  consequently  remains 
unshaken,  that,  in  the  unit  of  time,  too  small  a  quantity 
of  oxygenated  blood  reaches  the  left  ventricle,  and  through 
it  the  arteries  of  the  body.  The  medulla  oblongata  is  accord* 
ingly  poorly  supplied,  and  will  react  in  the  well-known 
manner  to  the  deficiency  of  oxygon,  not  only  by  a  sensation 
of  shortness  of  breath,  amounting  it  may  be  to  intense 
dyspnoea,  but  by  a  dyspnttic  strengthening  of  the  respiratory 
movements.  Persons  suffering  from  uncompensated  cardiac 
or  pulmonary  lesions  are  wont,  if  the  affection  is  slight,  to 
breathe  more  rapidly,  even  when  at  rest;  while,  when  the 
disease  is  pronounced,  they  may  present  the  pitiable  pictnre 
of  extreme  dyspnoea  or  even  complete  orthopnoea.  So  much 
is  this  the  case,  that  in  total  occlusion  of  the  pulmonary  arte- 
ries by  emboli,  the  affected  iudividuals  perish  with  no  other 
symptoms  than  those  of  the  most  ugouising  hunger  for  air. 

But  of  what  utility,  you  vrill  ask,  are  the  strengthened 
dyspnoeic  respiratory  movements  to  these  patients  ?  For 
even  one  who  is  completely  imbued  with  the  idea  of  the 
mechanical  necessity  of  this  dyspnoea  will,  in  view  of  the 
extremely    ingenious    contrivances  of    our    organism,    seel 

kid  all  their  complexity  to  discover  some  indication  of 
a  coropeusatory  arrangement  in  the  effects  brought  about 
by  a  disturbance.  Here,  however,  where  blood  is  wanted 
in  the  capillaries,  and  nut  air  in  the  alveoli,  of  what  use 
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is  it  that  the  increased  action  of  the  respiratory  muacl 
conveys  larger  quantities  of  air  into  the  Innga  ?  If,  as  a 
matter  of  fact,  the  dyspnoeic  respiratory  movements  aimply 
conveyed  an  increased  amonnt  of  air  into  the  alveoli,  and  did 
no  more  than  tliis,  we  shonld  be  compelled  to  agree  with 
Filchne,*  who  has  characterised  the  dyspnoja  of  persons 
salfering  from  heart-disease  as  perfectly  useless,  in  a  remark- 
able paper  lately  published.  In  reality,  however,  they  exert 
an  important  effect  in  quite  another  direction,  namely,  by 
furthering  the  pulmonary  cireulation.  If  even  the  ordinary 
respiratory  changes  of  volume  increase  the  velocity  of  the 
blood-stream  through  the  lungs,  ntill  more  will  this  be  the 
case  with  the  forced  and  consequently  more  ample  and  numer- 
ous dyspnceic  alterations.  The  respiratory  movements  in  dys- 
pnoea are  consequently  an  excellent  means  of  augmenting  the 
velocity  of  the  pulmonary  circulation,  and,  when  this  is  from 
any  cause  abnormally  reduced,  of  rendering  it  possible  for  an 
approximately  normal  amount  of  blood  to  flow  tlirough  the 
pulmonary  capillaries  in  the  unit  of  time.  They  are,  there- 
fore^ by  no  raeaus  to  bo  despised  as  means  of  compensating 
the  loss  of  some  of  the  blood-vessels  of  the  lungs  ;  and  though, 
of  coarse,  they  cannot  restore  the  lumen  of  an  occluded 
artery,  they  contribute  not  a  little,  as  I  formerly  (vol.  i, 
p.  21 8)  pointed  out,  to  convey  blood  from  the  neighbouring 
territories  into  the  capillaries  situated  beyond  the  occlusion. 
An  increase  of  the  amonnt  of  blood  flowing  through  the 
lungs  means  simply  an  increase  of  the  oxygen,  and  diminu- 
tion of  the  carbonic  acid,  contents  of  the  blood  ;  and  the  dys- 
pncea  thus  proves  to  be  a  means  of  regulation  not  only  in 
interference  with  the  access  of  air,  but  in  disturbances  of  the 
pulmonary  circulation. 


We  arrive  at  similar  oonolusiona  on  considering  (he  infla- 
ence  which  is  exerted  on  the  respiratory  process  by  Itood  of 
almftrmal  cormlituiion.  True,  we  need  not  here  consider  all 
changes  in  the  composition  of  the  blood  ;  for,  obviously,  only 
Auch  of  its  morbid  conditions  can  be  of  importance  to  respi- 
ration aa  either  disturb  the  blood-stream  or  diminish  the 
number  of  healthy  red  blood*corpasc]es  present  in  it*  Both 
•  Kilohne,  *  A.  f.  Mp«r.  Pftthol.,'  x»  p.  442.  xi,  p.  45.  j 
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these  resnlts  occar  in  ekolvra,  in  which,  owing*  to  the  extreme 
condensation  of  the  blood,  the  entire  circulation  is  retarded 
enormously,  while  that  the  red  corpuaclesare  seriously  damaged 
is  sufficiently  testified  to  by  the  passage  of  the  potash  salts 
into  the  plasma.  Further,  with  regard  to  the  second  point, 
I  may  remind  you  of  the  various  forms  of  essential  or  secon- 
dary anwmia  and  oligocythsBmia^  discussed  in  the  first  section, 
which,  however  greatly  they  differ  in  other  respects,  agree 
in  this — that  the  number  of  functional  red  corposclea  con- 
tained in  the  blood  has  more  or  less  decreased.  The  conse- 
quence to  the  interchange  of  gases  in  the  blood  may  easily 
be  defined.  For  if  the  red  corpnscles  with  their  htemoglobin, 
while  passing  through  the  pulmonary  capillaries,  absorb  oxy- 
gen from  the  alveoli  and  saturate  themselves  with  it,  every 
redaction  of  the  hsBmoglobin-contents  of  the  blood  must 
neoesaarily  bo  followed  by  a  falling  off  in  the  amount  of 
oxygen  also.  That  this  is  the  signal  for  the  setting  up  of 
dyspnoeic  breathing  I  need  hardly  say  ;  and  it  is  only  neoos- 
ssry  to  point  out  that  the  streogthening  and  increase  of 
velocity  of  the  pulmonary  circulation  in  consequence  of  the 
dyspnoea  is  an  indubitable  means  of  regulation  in  these  cases. 
For  if  the  error  here  consists  in  the  presence  of  too  small  a 
quantity  of  oxygen  in  a  determinate  quantity  of  blood  at  a 
given  momontj  this  evil  can  evidently  be  compensated,  at 
least  to  a  certain  extent,  by  increasing  the  blood-quantum 
itself. 
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CHAPTER  III. 

DTSPNCEA    AffB  ASPHYXfA. 

The  frequent  comhinatton  of  different  impedimefUn  to  re^ra^ 
linn. — The  phyttiohgical  ej^ehange  nf  gtuies  in  the  blood, 
'-^lArnitation  of  the  oxygen-^eoTUtumption  in  respiratory 
leMona. — Regulation  by  dyapncea. — QaseouJt  contents  of  the 
blood  in  the  respiratory  lesions. — Limitation  of  the  oanda* 
iive  processes, — Cyanosis, — Other  effects  of  the  respiratory 
lesions  on  the  circulation. 

Impoifsibility  of  regulation  ov:ing  to  the  absolute  amount 
of  the  impediment, — Acute  asphy^a. — Explanation  of  t}%e 
phefnomena  of  asphyxia. — Slow  s^iffocalion, — Its  causes. — 
Gradual  increase  of  the  ivipcdifnents  to  respiration. — De- 
creasing  functional  potoer  of  the  respiratory  muscles.—* 
Dinivnished  irriiability  of  the  respiratory  centre. — Cheyne* 
Stokes  respiration. — The  blood'gases  in  alow  suffocation. 
— Carbonic-acid  poisoning. — Post-mortem,  appearances  in 
asphyxia, 

Aa  you  have  gathered  from  the  preceding  discasstons^  the 
morbid  processes  producing  disturbaaces  of  respiration  are 
extremely  numerous,  and  although  they  are  all  at  bottom 
dependent  either  on  interference  with  the  access  of  air  to  the 
respiratory  surface,  or  on  irregularity  of  the  pulmonary  cir- 
calatiouy  yet  they  differ  much  in  nature.  At  the  same  time 
it  will  not  have  escaped  you  that  wo  have  repeatedly  con- 
sidered  the  same  process  on  different  occasions,  thus  imply- 
ing that  one  and  the  same  factor  ia  capable  of  impairing 
respiration  in  several  directions — an  experience  the  like  of 
which  wo  also  had  formerly,  e.  g.  when  considering  the 
pathology  of  gastric  digestion.  A  large  pleuritic  exudation 
not  only  renders  many  of  the  alveoli  inacceasible,  but  ooro- 
pressea  numbers  of  the  pulmonary  capillaries,  and  gives  rise 
to  shallow  respiratiouj  at  least  on  the  affected  side;  an  ex- 
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tensive  bronchitis  obstracts  the  passage  of  air  to  the  alveoli, 
and  also  the  blood-stream  through  the  affected  portions  of  the 
longs  ;  a  pneumonia  occladea  the  alveoli,  as  far  as  the  infil- 
tration exteudB,aud,owingto  theaccompanyiug  pleuritic  pain, 
it  renders  the  breathing  superficial ;  and  in  emphysema  of  the 
lungs  the  impairmeut  of  the  pulmonary  circulation  through 
the  destruction  of  so  many  of  the  capillaries  is  associated 
with  the  impediment  to  respiration  resulting  from  the  con- 
siderable decrease  of  elasticity  of  the  lungs,  to  which  there  is 
often  added  a  rigidity  and  immobility  of  the  thorax.  While, 
accordingly,  individual  pathological  processes  are  not  uncom- 
monly attended  by  several  dangers  to  respiration,  which  are 
the  more  threatening  from  their  concurrence,  this  is  still  more 
the  case  when,  as  only  too  often  happens,  a  number  of  different 
prejadicial  factors  assert  themselves  during  one  and  the  same 
disease.  One  of  these  factors  may  follow  immediately  on 
another,  in  the  sense  that  one  disturbance  gives  rise  to  the 
other  directly.  This  happens  e,  g.  when  laryngeal  croup  be- 
comes complicated  by  bronchitis  and  broncho-pneumonia,  in 
other  words,  a  stenosis  of  the  larynx  and  trachea  by  a  narrow- 
ing of  the  bronchi  and  the  occlusion  of  numbers  of  alveoli  ;  or 
when  a  patient  with  stenosis  of  the  left  auricnio-ventricolar 
orifice  gets  a  heemoptoic  infarct,  and  to  the  increased  tension 
and  slowing  of  the  pulmonary  blood-stream  there  is  added  im- 
perviousness  of  some  blood-vessels  and  occlusion  of  many 
alveoli.  Yet  such  a  causal  relationship  is  far  from  always 
occurring  in  these  complications.  If  a  person  having  phthisi- 
cal CAvities  in  his  lungs  gets  embolic  occlusion  of  some  of  the 
pulmonary  arteries  owing  to  thrombosis  of  the  veins  of  the  leg, 
only  a  very  remote  causal  connection  can  be  said  to  exist  hero  ; 
moreover  it  is  always  an  accident,  though  a  frequent  one,  when 
a  person  whose  pleura  is  adherent  and  certain  sections  of  the 
lung  atelectatic  or  an  emphysematous  individual  gets  bron- 
chitis. Also  when,  in  a  puerperal  woman  or  in  the  coarse  of 
typhoid,  bronchitis  and  meteonsm  and  feebleness  of  the  re- 
spiratory muscles  concur,  we  can  at  most  say  that  all  these 
distnrbances  are  co-effects  of  a  common  cause,  not  that  one 
of  them  is  conditioned  by  another.  But  whatever  the  mutual 
relation  of  these  accumulated  evils,  new  pointa  of  view  are 
not  presented  by  anch  complications.     For  their  action  is  the 
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Bame  id  every  case,  in  that  tbey  all  interfere  with  the  physio^ 
logical  interchango  of  gases  in  the  blood,  so  that  their  com* 
biaatioQ  has  the  same  importance  Bimply  Q.saquavtitniive%y^ 
crease  of  any  OTie  of  ihem  woald  have,  and  their  effect  on  the 
interchango  of  gases  mast  amoant  to  this — a  higher  degree 
of  diminution  of  the  oxygen,  and  augmentation  of  the  car- 
bonic acid,  contents  of  the  blood. 

The  oxygen  contents  of  arterial  blood,  i.  o.  the  absolute 
amoant  of  oxygen  contained  in  the  blood,  varies,  as  is  well 
known,  normally^  not  merely  in  different  individuals  bot  in 
the  same  person.  Thus,  for  example,  the  values  determined 
on  perfectly  healthy  dogs  considerably  exceed  and  fall  below 
the  average  of  1 7  vol.  per  cent,  (calculated  at  o^  and  t  m« 
pressure}  found  to  prevail  in  the  blood  of  the  dog's  carotid* 
These  deviations  are  due  to  the  varying  contents  of  the  blood 
in  hsemoglubin,  with  which  substance  almost  the  whole  of  the 
oxygen  enters  into  combination,  and  whose  amount  conse- 
quently is  exactly  proportional  to  the  oxygen  stored  up.  The 
htemoglobin  is  almost  completely  saturated  in  the  lungs  and 
the  blood  leaves  them  almost  as  rich  in  oxygen  as  it  is 
possible  for  it  to  be,  and  it  is  such  blood  that  is  carried 
at  all  times  by  the  arteries  into  the  organs  of  the  body, 
which  necessarily  require  a  copious  stream  of  oxygen  for 
the  maintenance  of  their  regular  metabolism  and  the  dis- 
charge of  their  various  functions.  This  feature — the  almost 
perfect  saturation  of  the  blood  with  oxygen,  and  not  the 
absolute  amount  of  the  oxygen  stored  up,  is  the  criterion 
of  a  regular  interchange  of  gases  in  the  blood.  But  since 
a  more  or  less  large  amount  of  oxygon  is  being  constantly 
withdrawn  from  the  blood  in  the  various  organs  of  the  body, 
so  that  the  venous  blood  returns  to  the  heart  from  -f  to  ^ 
poorer  in  oxygen,  the  saturation  of  the  arterial  blood  woald 
be  rapidly  at  an  end,  were  not  the  consumed  oxygen  most 
promptly  replaced  in  the  lungs.  In  a  norma!  condition^ 
the  most  perfect  accommodation  prevails  between  oonsuinp^ 
tion  and  replacement,  between  oxygen-expenditure  and  oxy* 
gen-inootne.  If  the  consumption  is  slight,  1.0.  if  the  vo* 
nons  blood  on  its  return  to  tho  lungs  is  comparatively  rich 
in  oxygen,  the  oontiunons  though  slow  di^usion  between  the 
air  of  the  alveoli  and  the  atmosphero  goes  a  great  way  to* 
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frardfl  satarating  the  blood  of  the  pulmonarj  capillaries  with 
oxyf^en,  and  a  moderate  accelonitiuu  of  the  air-stream  to  the 
alveoli  by  means  of  the  respiratory  movements  is  certainly 
all  that  is  necessary  in  addition.  It  is  not  so  when  the  oon- 
Bumption  is  great.  The  venoas  blood  then  becomes  so  poor 
in  oxygen  that  the  normal  proportions  cannot  be  restored 
withoat  the  absorption  of  very  large  qnantities  of  this  gas; 
extensive  respiratory  movements  come  to  the  aid  of  diffusion, 
and,  on  the  one  hand,  rapidly  removo  the  aseless  residual  air 
from  the  alveoli  and  convey  large  supplies  of  fresh  air  into 
contact  with  the  surface  of  the  blood-capillaries,  while,  on  the 
other,  they  powerfully  augment  the  blood-stream,  so  that  in 
a  brief  interval  a  much  greater  amount  of  venous  blood  than 
ordinarily  is  exposed  to  action  of  the  air.  Thus  the  absorp* 
tion  of  oxygen  follows  directly  and  promptly  on  consumption  ; 
but  the  converse  regulation,  t.  e.  the  regulation  of  the  con- 
samption  according  to  the  amount  of  income,  does  not  prac- 
tically come  up  for  consideration  in  a  physiological  con- 
dition. For  with  regard  to  the  question  how  the  organism 
behaves  towards  a  possible  augmented  oxygen  supply,  I  stated, 
recently,  and  after  to-day's  discussion  I  am  in  a  still  better 
position  to  remind  you,  that  this  possibility  is  simply  set 
aside  by  the  fact  that  arterial  blood  is  normally  almost 
completely  saturated  with  oxygen.  As  regards  the  carbonic 
acid — to  which  the  considerations  just  dwelt  on  are  equally 
applicable,  though  in  an  opposite  direction — it  is  not  to  be 
denied  that  a  voluntary  augmentation  of  the  respiratory  move- 
ments aids  in  its  excretion  ;  yet  these  same  respiratory  move- 
ments more  than  sufficiently  eocure  that  there  shall  be  no 
dearth  of  this  gas  in  the  blood.  While  an  abnormal  increase 
of  the  oxygen-supply  is  feasible  only  within  very  narrow 
limitSj  its  abnormal  diminution  is  not  only  easily  conceivable, 
but  plays  a  very  real  and  most  important  role  in  the  patho- 
logy, though  not  in  the  physiology,  of  respiration. 

For  here  belong  all  those  respiratory  lesions  so  thoroughly 
disouBsed  by  us,  which,  whether  interfering  with  the  access 
of  air  to  the  blood  or  of  the  blood  to  air,  are  respiratory 
lesions  only  in  virtue  of  the  fact  that  they  diminish  the  ab- 
sorption of  oxygen  and  the  excretion  of  carbonic  acid.  Is 
this  reducod  absorption  of  oxygen  compensated  for  by  an  equal 
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reduction  of  the  consumption  ?     Certainly  it  is ;  for,  a*  I  have 
told  you  repeatedly,  persons  suffering  from  such  respiratory 
affections  consciously  or  instinctively  behave  so  as  to  limit  na 
far  as  possible  their  consumption  of  oxygen  and  production 
of  carbonic  acid.      Still  they  cannot  accomplish  much  in  tbia 
way.     For  however  greatly  they  may  restrict  their  raascular 
movements  and  however  rationally  select  their  food,  oxygen 
consumption  and  carbonic  acid  production  cannot,  while  life 
lasts,  fall  below  a  certain  minimum.      Consider  besides  that 
no  one  can  permanently  avoid  employing  muscles  other  than 
those  which  are  absolately  necessary  to  life,  and  it  will   be 
obvious  that  sooner  or  later  a  moment  must  arrive  for  these 
individuals  also,  when  the  income  and  expenditure  of  oxygen 
do  not  cover  each  other,  the  former  falling  short  of  the  latter. 
Under  these  circumstances  the  same  condition  appears,  whioht 
with  a  normal  oxygen  supply,  is  the  conseqaence  of  an  ab- 
normally abundant  consumption  ;   and  the  response  of  the 
organism  will  therefore  be  the  same.      In  fact,  I  have  already 
dwelt  on  d(/itpncea  as  the  constant  result  of  all  the  respiratory 
lesions.      True,  the  form  in  which  the  dyspnoea  manifests  it- 
self differs.     For  though  it  is  correct  that  we  understand  bj 
dyspnooic   respiration,   an   augmentation   of   the  resj»iratory 
movements  as  regards  depth  and  number,  it  is  very  far  from 
correct  that  the  deepening  and  increased  frequency  of  the 
respirations  coincide  in  every  case.      Rather  I  have  felt  it  to 
be  incumbent  on  me  to  educe  the  conditions  nnder  the  in- 
fiaence  of  which,  in  each  individual  respiratory  affection,  the 
breathing  becomes  at  one  time  deeper  and  slower,  at  another 
more  frequent  and  shallow  ;  and  to  explain  why  on  one  occa- 
aion  inspiration^  on  another  expiration,  is  laboured  and  car- 
ried out  with  the  aid  of  all  the  accessory  muscles,  and  how 
it  happens  that  in  one  case  all  the  inspiratory  muscles,  and 
in  another    only  some  of    them,   energetically   participate* 
This  appears  to  me  to  be  one  of  the  most  attractive  sides  of 
the  study  of  the  respiratory  derangements,  namely,  the  dia- 
corery  of  the  ways  and  means  adopted  by  the  organism,  ia 
presence  of  these  YOTy  different  lesions,  with  a  view  to  brin^ 
about  that  modification  of  the  respiratory  movements  which 
shalli  in  the  particular  case,  be   most  ndvantageons,  moat 
remedial.     It  is  beoauso  it  effects  this  that  the  dyspxueio 
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breathing  becomes  what  I  Lave  so  often  called  it — a  mea-M  of 
regulatiim.  For  if  in  those  lesions,  the  absorption  does  not 
eqnal  the  consnmption  of  oxygen,  it  is  not  because  the  blood 
Las  lost  its  ability  to  absorb  more  oxygen,  but  solely  becausa 
of  the  inadequate  contact  of  the  blood  and  air  at  the  respi- 
ratory surface ;  and  the  dyspnceic  breathing,  by  now  pro- 
viding for  the  abundant  flow  of  both,  air  as  well  as  blood, 
towards  the  surface,  can  coospensate  the  pernicious  effects  of 
the  diverse  lesions. 

But  how  do  the  gaaeous  CKmtents  of  the  blood  behave 
under  the  influence  of  the  dyspncoain  our  respiratory  lesions  ? 
To  answer  this  question  with  sofficient  accuracy  it  would  be 
necessary  to  have  what,  so  far  as  I  know,  we  aro  absolutely 
unprovided  with — analyses  of  the  gases  contained  in  the  blood 
of  persons,  or  at  any  rate  animals,  suffering  from  disease  of 
the  respiratory  organs.  This  is  certainly  a  great  and  lament- 
able deficiency  in  onr  knowledge,  to  meet  which  we  are 
compelled  meanwhile  to  rely  solely  upon  hypothesis.  Still 
onr  guesses  are  supported  not  merely  by  the  results  of  inves- 
tigations into  the  physiological  interchange  of  the  gases  of 
the  blood,  but  by  certain  symptoms  so  manifest  that  we  shall 
hardly  be  likely  to  wander  very  far  from  the  truth. 

The  almost  complete  saturation  of  the  arterial  blood  of  a 
healthy  man  with  oxygen,  occurring  during  onlinary  respira- 
tion, depends  on  the  fact  that  a  certain  fraction  of  the  blood 
— the  quantity  passing  through  the  pulmonary  capillaries  in 
the  unit  of  time — or  the  red  corpuscles  contained  in  it,  con- 
stantly become  saturated  with  this  gas.  When  now,  owing 
to  the  imperfect  access  of  air  to  the  alveoli,  a  portion  of  the 
blood-corpusoles  contained  in  this  quantity  does  not  become 
saturated,  or  when,  as  in  the  uncompensated  cardiac  lesions, 
the  quantity  itself  is  reduced,  the  ineviUkble  result  must 
plainly  be  that  the  oxygen-contents  of  the  arterial  blood  will 
fall  more  or  less  considerably  short  of  the  point  of  saturation  : 
by  how  much,  evidently  depends  on  the  degree  of  the  impedi- 
ment to  respiration.  And  how  is  this  condition  affected  by 
the  dyspnoea  ?  Now,  by  the  dyspnojic  breathing  every  respi- 
ratory lesion  may  be  compensated  within  certain  limits,  the 
more  tritiing  ones  by  a  slight  strengthening  or  numerical  in- 
crease of  the  rospiratioosi  the  severer  by  a  correspondingly 
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forced  exertion  of  the  respiratory  muscles.  Are  then  nil 
individuals  who  suffer  from  any  respiratory  lesion  continually 
in  a  condition  of  slight  or  more  pronounced  dyspnoea  P  Far 
from  it :  on  the  contrary,  persons  afflicted  with  kyphosis,  with 
chronic  bronchial  catarrh,  with  extensive  pleural  adhesions, 
or  with  moderately  severe  emphysema,  and  even  patients 
with  bronchiectases  or  cavities  of  not  undulylargo  dimensions, 
do  not  usually  display  any  essential  differences  in  their  breath- 
ing as  compared  with  individuals  of  the  same  age  and  seXj 
80  long  as  they  remain  quietly  seated  or  lying.  On  the  other 
handj  dyspnoBa  is  scarcely  ever  absent  in  extreme  emphysema, 
in  advanced  phthisical  changes^  in  extensive  acute  pneumonia, 
in  acute  general  tuberculosis,  iu  pleuro-pneumonia  before  the 
crisis,  and  may  attain  its  highest  conceivable  degree  in 
croup,  in  stenosis  of  the  trachea  due  to  compression  or  bend- 
ing, and  in  pneumothorax,  &c.  Sach  being  the  case,  the 
dyspnoea  cannot  be  dae  solely  to  the  simple  fact  of  imperfect 
saturation  with  oxygen,  for  the  arterial  blood  is  not  saturated 
in  normal  fashion  in  the  slighter  respiratory  affections ;  it 
evidently  depends  on  the  degree  of  ike  oxygftn-defieiency.  But 
in  seeking  to  discover  what  degree  of  poverty  in  oxygen 
must  exist  before  the  dyspnoea  begins,  we  shall  not  be  likely 
to  go  far  astray  if  we  regard  the  relation  of  the  income  to 
the  expenditure  as  the  determining  element  here  also.  In 
the  slighter  impediments  to  respiration,  ordinary  breathing 
does  not,  it  is  true,  secure  the  normal  degree  of  saturation 
of  the  arterial  blood  ;  the  organs  are  consequently  supplied 
with  blood  whose  oxygen  contents  are  lees  than  normal,  while 
the  blood  of  the  veins  is  more  than  normally  impoverished 
as  regards  this  gas.  Still  the  ordinary  quiet  breathing  in 
capable  of  convoying  as  much  oxygen  to  the  blood  as  wa« 
lost  from  the  capillaries  of  the  body,  and  in  this  way 
there  is  established  a  permanent  equilibrium  of  the  arterial 
gaseous  contents,  which,  it  is  true,  remain^t  heUfw  il  '  *  '7* 
physiological  saturation^      In    the   more  serious  r^    ,  ty 

lesions,  on  the  contrary,  only  a  small  quantity  of  oxygen 
reaches  the  blood  during  ordiuanr  breathing,  and  not  only 
is  the  physiological  saturation  of  the  blood  not  secured,  but 
the  continuoaa  loss  of  oxygen  to  the  organs  of  the  body  is 
not  covered.      Here,  therefoi^,    instead  of  A  condition  of 
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equilibrium^  the  consequence  would  be  a  gradnally  increaB- 
ing  impovemhment  of  the  blood  in  oxjgen,  which  would 
Boon  be  incompatible  with  life,  did  not  the  dyspucea  step  in 
to  aid.  A  completely  normal  saturation  of  the  blood  with 
oxygen  is  not  usually  the  result  of  the  dyspnoea  in  such 
patients^  though  it  is  quite  within  the  bounds  of  possibility. 
For  if  yon  consider  what  uninterrupted  laboured  breathing 
involves,  and  rellect  further  that  the  increased  work  of  the 
respiratory  muscles  itself  makes  additional  demands  on  the 
respiratory  apparatus  by  augmenting  the  production  of  car- 
bonic acidj  yon  will  think  it  conceivable  enough  that  the 
dyHpncea  of  these  patients  should  not  usually  exceed  the 
degree  necessary  to  the  maintenance  of  life,  or  in  other  words, 
the  amount  sufficient  to  cover  the  deficit  in  the  income  com- 
pared with  the  expenditure  of  oxygon.  The  dyspncea  ia 
indispensable  to  individuals  with  considerable  impediments 
to  respiration,  because  they  could  not  continue  to  exist  with- 
out it;  but  it  does  not  put  them  on  the  same  footing  with 
healthy  persons  as  regards  the  gases  of  the  blood,  but  merely 
provides  for  the  establishment  of  that  lower  state  of  equi- 
librium which,  in  the  complete  absence  of  dyspncea,  is  usu* 
ally  found  in  patients  afflicted  with  the  slighter  respiratory 
lesions. 

It  is  anything  bat  a  matter  of  indifference,  however, 
whether  the  artei*ial  blood  is  properly  saturated  with  oxygen  or 
not.  How  unenviable  is  the  position  of  persons  with  the  low 
condition  of  equilibrium,  is  at  once  apparent  on  the  slightest 
disturbance  of  this  condition.  Our  organism  is  accustomed 
to  command  an  abundant  supply  of  oxygen,  and  we  can  walk 
at  a  fair  rate  or  go  through  other  respectable  bodily  exertion, 
and  can  consume  large  quantities  of  food  containing  carbo- 
hydrates without  auy  resulting  dyspnoea.  Observe,  on  the 
other  band,  a  person  whose  store  of  oxygen  is  small,  and  whose 
ordinary,  or,  it  may  be,  dyspuoeic  respiration  just  suffices  to 
cover  the  indispensable  consumption  of  oxygen,  even  though 
this  has  been  reduced  as  far  as  possible  ;  on  walking  a  few 
yards  or  mounting  stairs,  the  breathing  of  a  person  with 
pleural  adhesions  becomes  short,  and  the  phthisical  or  emphy- 
sematoas  individual  develops  marked  dyspnoea.  This  is  the 
reason,  too,  that  the  accompanying  pyrexia  can  so  consider- 
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ably  enbance  the  dyspnoea  of  &  patient  saffenng  from  an  af« 
fection  of  the  lungs.  The  accession  of  an  impediment  to  re- 
spiration, which,  in  itself  slight,  would  be  productive  of  only 
trifling  inconvenience  to  a  healthy  person,  is  often  snfficient 
to  cause  the  most  violent  dyspnoea  in  one  who  i«  already  the 
snbject  of  a  considerable  respiratory  lesion.  Precise  nume- 
rical values  cannot,  it  is  evident,  be  given  here,  if  for  no 
other  reason  because  the  individual  circumstances  must  be 
taken  into  consideration.  For  hardly  on  any  other  occa- 
sion is  the  capacity  of  the  organism  to  accommodate  itself 
to  altered  conditions  displayed  in  so  clear  a  light.  It  is  not 
merely  that,  as  more  than  once  stated,  persons  with  impedi- 
ments to  respiration  instinctively  limit  as  far  as  possible  the 
expenditare  of  oxygen  which  is  subject  to  their  control ;  the 
oxygen  used  up  in  the  metaholixm  of  the  various  organs  inde* 
pendently  of  volition  is  also  diminished.  This  does  not  oconr 
in  the  way  which,  on  the  ground  of  inadequat-o  evidence,  met 
vtrith  much  acceptance  formerly,  when  it  was  believed  that  some 
of  the  nutrient  and  tissue  materials  were  not  converted  into  the 
final  waste  products,  so  that  instead  of  these  a  number  of  less 
highly  oxidised  substances  appeared  in  the  excretions.  Rather, 
as  was  first  definitely  determined  by  Senator,*  the  regular 
course  of  the  oxidative  processes  remains  undisturbed  under 
these  circumstances  ;  there  are  no  qualitative  deviations  from 
the  normal,  but  less  is  undertaken  generally, so  that  the  entire 
metabolism  is  reduced,  as  happens  in  inanition.  It  would 
make  no  difference  in  this  respect,  were  the  rule  laid  down 
by  Fraenkel,  according  to  which  the  decomposition  of  albo" 
men  increases  with  diminution  of  the  oxygt*n. supply  (of.  vol. 
ii,  p.  672),  universally  applicable;  for  this  has  nothing  to  do 
with  the  oxidative  processes,  with  which  alone  we  are  concerned 
here  ;  and  if,  as  we  formerly  declared  to  be  probable,  the  fat 
so  separat-ed  remains  lying  unconsumcd,  this  is  only  a  welcome 
confirmation  of  the  above  proposition.  Nevertheless,  the  or- 
ganism needs  a  certain  time  in  which  to  adapt  itself  to  the 
scanty  store  and  supply  of  oxygen,  and  heroin  we  may  oer^ 
tainly  see  a  reason  for  the  fact  that  the  same  respiratory  im- 
pediment which,  whou  suddenly  attacking  an  individual  pre- 
viously healthy,  produces  extreme  dyspnoea,  should  gradually 
•  S*n«tor, '  y\nh.  A./  xlu,  p.  1. 
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become  tolerated  by  the  patienta^  wbo  then  suffer  no  very  great 
respiratory  trouble. 

That  in  persons  suffering  from  impediments  to  respiration, 
the  oxygen  contents  of  the  arterial  blood  actually  fall  more  or 
less  short  of  the  physiological  point  of  saturation,  has  not,  as 
already  stated,  so  far  been  determined  by  analysis ;  yet  it  is, 
in  my  opinion,  convincingly  demonstrated  by  a  symptom,  no 
less  often  present  in  diseases  of  the  respiratory,  than  in  affec- 
tions of  the  circulatory,  apparatus.  I  moan  the  bluish  coliyr- 
Oiiion  of  ihe  nkitij  or  to  employ  the  terminua  technicujtj  the 
cyarumji.  The  bluish  hne  depends,  as  yon  will  recollect  from 
former  discussions  (vol.  i,  p.  32),  on  the  fact  that  the  blood 
circulating  in  the  capillaries  of  the  skin  parts  more  completely 
with  its  oxygen  and  takes  up  more  carbonic  acid  than  usual, 
and  BO  acquires  more  distinctly  venous  characters  than  under 
physiological  conditions.  But  while,  in  the  uncompensated 
cardiac  lesions  and  uther  general  disturbances  of  the  circu- 
lation, it  was  the  retardation  of  the  blocKl-stream  that  favoured 
the  development  of  cyanosis,  in  the  impediments  to  respira- 
tion, the  diminished  oxygen  contents  of  the  blood,  even  before 
it  has  entered  the  capillaries,  must  be  regarded  as  its  cause; 
in  a  number  of  respiratory  lesions,  however,  both  factors  coin- 
cide, the  reduced  velocity  of  the  blood-stream  and  the  diminn- 
tion  of  the  arterial  store  of  oxygen.  The  degree  of  cyanosis  may 
vary  extremely,  and  while,  in  the  slighter  respiratory  impedi- 
ments, it  is  hardly  perceptible,  in  croup,  in  Gedema  glottidis, 
in  acute  catarrh  of  all  the  bronchi,  &c,,  it  may  attain  its 
highest  pitch,  so  that  the  entire  surface  of  the  body  acquires 
a  decided  and  pronounced  blue  coloration.  But  the  deve- 
lopment of  marked  cyanosis  is  often  prevented  by  a  condi- 
tion of  general  amemia.  Thus,  to  the  hectic  fever  and  the 
general  emaciation  we  must  ascribe  the  fact  that  in  ordinary 
phthisis,  despite  the  advanced  disease  of  the  lung,  the  patient 
appears  pale  and  not  cyanotic  ;  and  that  the  absence  of  cyano- 
sis is  not  due  to  tbe  tubercular  nature  of  the  affection  is  moat 
clearly  shown  by  the  intensely  deep  hne  of  the  skin,  which 
is  BO  regalarly  observed  in  acute  general  miliary  tuberculosis 
aa  to  constitute  one  of  its  differentially  diagnostic  symptoms. 

I  may  take  this  opportunity  to  point  out  that  the  circula- 
tory apparatus   is  variously  influenced    by   the   respiratory 
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lesionsj  qaite  apart  from  the  occnrrencd  of  cyanosis  mud  of 
hypertrophy  of  the  right  heart,  so  often  the  subject  of  dia- 
cnsaioD.  Every  loss  of  elasticity  of  the  langs  necessarily 
weakens  the  suction  of  the  thorax,  and  thus  impedes  thu  en- 
trance into  it  of  the  venous  blood.  A  stiU  worse  effect  of  the 
same  kind  is  produced  by  forced  expii-ation,  owing  to  which 
the  negative  pressure  of  the  thorax  is  converted  into  a  posi* 
tive  one.  Since,  however^  both  these  factors  concur  in  ex- 
treme emphysema,  in  which  too  the  united  sectional  area  is 
reduced  by  the  loss  of  innumerable  capillaries,  you  will  not 
be  surprised  to  learn  that  all  the  consequences  of  unoompen* 
sated  circulatory  lesions  may  set  in  in  such  patients.  Ton 
know  also  that  the  overloading  of  the  blood  with  carbonic 
acid  exerts  a  stimulating  effect  on  the  vaao-motor  centre,  and 
I  may  remind  you  that,  following  Traube,  we  made  use  of 
this  fact  to  explain  the  hypertrophy  of  the  Ufi  heart  which 
occurs  in  many  pulmonary  lesions  (vol.  i,  p.  97).  But  note 
well  in  this  connection  that  the  vaso-motor  constriction  of  the 
small  arteries  involves  those  of  the  body  alone  and  not  those 
of  the  lungs,  so  that  the  greater  amount  of  blood  which, 
owing  to  the  increased  arterial  pressure^  Hows  from  the  veins 
to  the  heart,  reaches  the  pulmonary  capillaries  without  any 
diminution  or  impediment.  On  the  other  hand,  this  richness 
of  the  blood  in  carbonic  acid  acts  at  the  same  time  as  a 
stimulus  to  the  vagus  centre,  so  that  in  considerable  respi- 
ratory impediments  the  pulse-rate  is  not  uncommonly  retarded 
—evidently  a  highly  advantageous  arrangement,  in  view  of 
the  fact  that  every  reduction  in  frequency  of  the  pulse  in- 
volves the  like  reduction  in  the  working  phases  of  the  heart, 
and  thus  dimiuishes  the  demand  for  oxygen,  of  which  such 
patients  have  anything  rather  than  a  superfluity. 


Despite  the  impairment  of  ho  very  important  a  function^ 
persons  suffering  from  respiratory  diseases  can  yet,  as  we  have 
seen,  sustain  life,  and  that  often  for  a  really  long  time.  They 
differ  from  healthy  persons,  it  is  true ;  still  in  less  severe  casea 
ihero  is  not  even  continuous  shortness  of  brenth,  thougit  in 
'Bxtrcme  ones  life  ia  prDservcd  only  by  the  interrupted  dys- 
Yet  the  organism  gradually  accustouu  itself  to  this — 
iricfl  at  kiast  it  doos  not  exceed  modorate  bounds.     For 
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the  moat  intense  degrees  of  dyspncca,  in  which  the  demand  for 
air  can  be  met  only  by  the  most  violent  action  of  all  the  inspira- 
tory and  expiratory  muaoleu,  cannot  poatnb I y  be  permaneiit,  be- 
cause the  fnnctional  power  of  the  respiratory  muscles  would 
sooner  or  later  bo  exhausted.  In  the  respiratory  lesions  of 
alight  and  moderate  severity,  the  paroxysms  of  air-hunger 
fortunately  pass  off  rapidly,  so  that  the  extreme  dyspncea  is 
only  temporary  ;  while  the  danger  of  the  severe  respiratory 
impediments  hen  in  the  fact  that  they  can  be  compensated, 
or  at  least  rendered  tolerable,  only  by  the  most  extreme  dys- 
pnoeic  efforts.  That  a  person  can  at  all  recover  from  laryn- 
geal croup,  from  acute  diffuse  bronchitis,  or  from  a*dema  of 
the  lungs  is  due  simply  to  the  intense  dyspnoBa ;  and  yet— 
is  it  not  really  superfluous  for  mo  to  call  attention  to  the  im* 
portant  place  occupied  by  respiratory  diseases  in  the  death* 
returns  of  our  race  f 

The  causes  of  this  are  easily  discovered.  In  the  first  place^ 
an  impediment  to  respiration  may  be  so  comndtrahlBj  that  the 
means  of  regulation  at  the  organism's  disposal  are  powerless 
to  overcome  it.  A  person  whose  trachea  is  constricted  by  a 
rope  or  by  the  hand  of  a  strangler  may  breathe  with  as  much 
effort  and  with  as  many  muscles  as  is  possible  ;  but  he  will 
convey  no  air  to  his  alveoli.  Or,  to  choose  an  illustration 
from  the  domain  of  pathology  proper,  when  all  the  alveoli 
e  flooded  in  a  short  time  with  liquid,  when  a  large  quan- 
tity of  blood  suddenly  pours  from  a  ruptured  artery  into  the 
bronchial  tree  and  flows  throagh  all  its  ramiflcations,  what 
avails  the  most  violent  dyspnoea?  And  how  can  an  animal 
help  itself  by  dyspncea  if  the  increase  in  volume  of  the  thorax 
is  rendered  impossible  by  an  elai^tic  bandage,  or  if  the  re- 
spiratory muscles  are  paralysed  by  curare  ?  Lastlyi  how  can 
the  most  laboured  breathing  and  the  most  extreme  augmen- 
tation of  the  work  of  the  right  ventricle  avert,  or  ward  off  for 
a  time,  the  fatal  effect  of  complete  embolism  of  the  pulmo- 
nary arteries,  either  of  the  main  trunks  or  of  all  the  smaller 
branches  ?  Under  such  circumstances,  in  fact,  there  is  inva- 
riably developed  a  group  of  phenomena,  which  cause  deathi 
more  or  less  rapidly,  and  which  we  tiVd  accustomed  t^  embrace 
onder  the  designation  asphyxia  or  auffocation. 

It  is  a  stormy  scene  enongh  that  follows  the  sudden  closure 
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of  the  cannnlA  placed  in  tbe  trachea  of  a  rabbity  or  the  oom- 
presflion  of  the  trachea  iteelf .  The  breathing  at  once  beoomea 
long-drawn  and  extremelj  hiboored,  and  at  each  inspira- 
tion the  nostrils  are  actively  dilated,  while  soon  the  month 
Ib  thrown  widely  open,  the  neck  stretched  ont,  and  the 
head  bent  backwards.  The  animal  now  becomes  very  rest- 
less ;  in  its  hunger  for  air  the  head  is  turned  at  one  moment 
in  one  direction,  the  next  in  another,  as  it  inoessantlj  gAsps 
anxiously  for  breath,  till,  the  restlessness  becoming  greater 
and  greater,  convulsions  set  in.  At  first  slight  twitchings 
occur,  but  these  rapidly  increase  in  severity,  and  develop  into 
the  most  violent  general  spasms,  by  which  the  rabbit,  nnless 
it  is  held,  may  be  tossed  high  into  the  air  and  thrown  to  a 
distance.  These  clonic  convulsions  do  not  last  long,  but  give 
place  to  a  state  of  complete  insensibility  and  paralysis,  in 
which  the  animal  lies  with  protruding  eyeballs  and  dilated 
pupils.  For  a  time  the  breathing  is  perfectly  arrested,  till  a 
few  hurried,  broken  respirations,  becoming  gradually  more  and 
more  feeble,  announce  the  near  approach  of  death.  This 
whole  series  of  phenomena  occupies  but  a  few  minutes.  If 
during  it  the  carotid  of  the  rabbit  be  kept  connected  with  the 
kymograph,  a  rise  of  arterial  pressure  is  detected  very  soon 
after  the  beginning  of  the  dyspnoea  ;  the  increase  of  tension 
may  be  very  great,  to  150—170  or  even  180  and  more  mm. 
mercury ;  and  only  in  tke  stage  of  asphyzia,  t.  e.  after  the  con- 
vulsions have  ceased,  does  the  mercury  begin  to  fall,  and 
now  rapidly  approaches  the  abscissa.  Yet  for  a  considerable 
time  after  the  last  inspiration  the  pressure  continues  positive, 
and  the  elevations  of  the  cnrve  occasioned  by  the  systole  of 
the  heart  only  gradually  disappear ;  in  other  words,  the  car" 
diac  contractions  in  asphyxia  persist  for  a  certain  time  after 
the  respiratory  movements  have  ceased,  it  may  be  for  two  or 
even  three  minutes.  While  the  arterial  pressure  was  still 
high,  you  noticed  on  the  cnrve  those  large  and  slow  pulsa- 
tions, with  which  you  are  &miliar  under  the  name  of  vagns- 
pulsations ;  and  it  is  precisely  here,  on  the  curve  of  asphyxia, 
that  the  truth  of  my  statement  with  regard  to  the  utility  of 
the  stimulation  of  the  vagi  by  the  dyspnoea  is  most  evidently 
demonstrated,  for  if  the  vagi  be  divided  before  occluding  the 
ichea,  the  asphyxia  apparently  sets  in  more  rapidly  in  some 
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animals,  and  certainly  the  Leart  invariably  becomes   much 
more  speedily  paralysed  than  with  the  vagi  intact. 

The  explanation  of  all  these  phenomena  ie  found  in  the 
alteration  of  the  gaaeons  contents  of  the  blood.  From  the 
moment  when,  owing  to  the  occlusion  of  the  trachea,  fresh 
sir  containing  oxygen  no  longer  reaches  the  pulmonary  capil- 
laries, to  cover  the  consumption  which  still  continues,  the 
blood  must  rapidly  be  impoverished  in  oxygen,  and,  because  of 
the  impeded  excretion,  will  become  loaded  with  carbonic  acid, 
BO  that  the  blood  contained  in  the  arteries  will  very  shortly 
enrpass  ordinary  venous  blood  in  both  those  respects,  and 
will  in  fact  appear  much  darker  than  it.  Blood  of  this  nature 
not  only  excites  the  centre  for  the  respiratory  movements — 
hence  the  extreme  dyspnea — but  the  stimulus  will  extend, 
with  the  increasing  impoverishment  of  the  blood  in  oxygen, 
Btill  more  widely  through  the  grey  matter  of  the  medulla ; 
the  vaso-motor  centre  and  then  that  of  the  vagus  will  be 
excited,  and  finally  centres  which  are  stimulated  with  greater 
difficulty — that  for  the  dilatation  of  the  pnpils  and  the  so- 
called  cont.'uhivf?  centre — become  implicated,  the  latter  being 
an  area  situated  in  the  medulla  oblongata  by  whose  stimula- 
tion almost  the  whole  of  the  voluntary  muscles  may  bo  thrown 
into  violent  contraction.  The  factor  lending  the  blood  in 
asphyxia  this  eminently  stimalating  property  does  not  admit 
of  doabt;  it  is  the  deficiency  of  oj^ygen.  The  question,  at 
time  80  energetically  discussed,  whether  dyspnosa  is  due 
to  the  dearth  of  oxygen  or  to  the  accumulation  of  carbooio 
acid,  has  been  decided,  as  you  will  remember  from  your  physio- 
logical stadioa,  in  this  sense,  that  either  may  /«?  the  caune  of 
ih«  augimenUd  reapirntory  movements.  In  the  dog,  the  respira- 
tions become  deeper  and  more  frequent  when  the  animal  is 
made  to  breathe  a  mixture  of  gases  in  which  there  is  present 
as  much,  or  more,  oxygen  than  in  the  atmospheric  air,  together 
with  a  great  excess  of  carbonic  acid,  in  which  case  the  satu- 
ration of  the  arterial  blood  with  oxygen  is  not  interfered  with, 
while  the  blood  is  overloaded  with  carbonic  acid.  But  the 
dyspncea  appears  with  equal  promptness  when  the  blood  of 
the  dog  is  rendered  poor  in  oxygen,  either  by  the  respiration 
of  pure  nitrogen,  or  of  a  mixture  of  gases  in  which  oxygen 
is  deficient ;  and  this  occurs  even  when  the  accamulation  of 
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carbonic  acid  in  the  blood  is  completely  prevented^  by  ita 
continned  absorption  from  the  space  in  which  the  animal 
breathes.  But  though  this  is  perfectly  correct,  it  is  utterly 
impossible  that  an  animal  could  be  killed  in  a  few  minutes 
even  by  the  most  enormous  accumulation  of  carbonic  acid  in 
the  blood.  Pfliiger*  observed  dogs  with  more  than  50  per 
cont.  carbonic  acid  in  the  blood,  whicb,  though  dyspncsic, 
were  quite  lively  so  long  as  the  store  of  oxygen  was  normal, 
and  values  such  as  this  are  not  even  approached  iu  suffocation 
by  occlusion  of  the  trachea.  The  abnormal  accumulation 
of  carbonic  acid  in  the  blood  is  followed,  as  you  know,  by 
slowing  of  the  pulse  and  rise  of  the  blood -pressure,  yet  the 
latter  does  not  reach  such  a  height  nor  persist  so  long  as  after 
occlusion  of  the  trachea,  and  above  all  there  never  occur  in 
carbonic-acid  poisoning  those  violent  convulsions  which  in- 
variably  accompany  acute  asph3rxia.  No ;  death  by  rapid  suf* 
focation  is  the  effect  solely  of  the  poverty  in  oxygen,  the  lofia 
of  which  takes  place  so  rapidly  thnt^  in  healthy  and  strong 
dogs  breathing  an  atmosphere  of  pure  nitrogen,  Pfluger  wit- 
nessed a  fall  of  the  oxygen-contents  of  the  arterial  blood  in 
thirty  to  forty  seconds  from  the  normal  saturation-values  (15, 
17,  and  18  per  cent.)  to  2*6  and  even  to  i'5  per  cent.  Under 
these  circumstances,  jou  perceive,  only  very  minute  quantities 
of  oxygen  ure  conveyed  by  the  arterial  blood  to  the  medulla, 
and  when  for  any  cause  the  oxygen  contents  of  the  cerebral 
areas  in  question  rapidly  fall  to  a  minimum,  they  react  in  the 
manner  described.  Hence  precisely  the  same  phenomena, 
appearing  in  the  very  same  order  as  in  asphyxia,  set  in  upon 
rapid  and  VG17  copious  bleeding,  further  in  the  acute  cerebral 
anaamia  produced  by  Kussmaul  and  Tenner  by  occluding  the 
carotids  and  vortebrals,  and  lastly  iu  complete  and  sudden 
obstruction  of  the  venous  efflux. t  In  all  these  cases  the  same 
dyspnoea,  rise  of  arterial  pressure,  and  convulsions  occur,  and 
in  all  of  them  these  violent  signs  of  irritation  are  not  attri- 
butable to  the  mechanical  disturbance  of  the  blood-stream, 

•  Cf.  the  important  paper  on  thin  vabject  bj  Pfliiger,  His  'AreliiT,*  i, 
p.  61.  Amongut  the  muit  teoont  literature  of.  especially  FnvilUodvr  and 
Hcrter.  '  Zeit»clir.  f.  phjaiul.  Clieiuie.*  U,  p.  99,  lit.  p.  19.  oontaina  nuni»rouii 
n-frrfncr*.     Further,  P.  Bprt,  '  Ije9on8  aur  la  ]■  I'-u*^  de  U 

nnpirjlion/  Pnrin,  1870;  *  Kft  prftwion  boromi^ti;  ,  ;s. 

t  iiermihnn  and  EM'ber, '  PUii^*  ^'  ^u«  P*  3* 
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but,  as  conclusively  demonstrated  by  Rosenthal,*  to  the  aoate 
cbange  in  the  gaseous  contents  of  the  cerebral  areas,  in  ttpecie 
to  their  rapid  loss  of  oxygen.  These  stormy  symptoms  con- 
stibate  in  a  measure  the  alarm-cry  of  the  organism,  announc- 
ing tbo  approach  of  extreme  danger  ;  for  if  blood  rich  in 
oxygen  be  not  rapidly  supplied  to  the  central  organ,  the  irri- 
tability of  the  latter  ceases,  consciousness  is  lost,  motility  and 
sensibility  are  destroyed,  and  the  cerebral  centres  fail  to  react 
to  any  kind  of  stimulus  j  the  heart,  the  function  of  which 
also  depends  on  the  presence  of  oxygenated  blood,  soon 
stands  still,  and  death  takes  place.  In  the  blood  which  still 
circulates  during  asphyxia,  no  distinction  of  colour  can  be 
made  out  between  the  arteries  and  veins  ;  it  is  everywhere 
almost  perfectly  black,  although  it  contains  slight  traces  of 
oxygen  removable  by  the  pump,  and  shows  the  absorption- 
bands  of  oxyhnemoglobin;t  after  death  has  occurred,  however, 
the  last  vestige  of  oxygen  quickly  disappears.  But  the  blood 
of  asphyxia  has  not  lost  its  capacity  of  absorbing  oxygen,  and 
hence,  while  the  heart  continues  to  beat,  life  may  be  saved 
by  artificially  conveying  air  rich  iu  oxygen  to  the  pulmonary 
capillaries.  Twitchings  of  difFerent  muscles  are  usually  the 
first  sign  of  reawakened  irritability;  the  artificial  insuffla- 
tions are  interrupted  first  by  occasional  and  afterwards  by 
more  frequent  dyspncoic  inspirations  ;  meanwhile  sensibility 
and  movement  have  returned,  and  the  animal  soon  raiRcs 
itself  and  thenceforward  breathes,  moves,  &c.,  in  a  perfectly 
normal  manner. 

Human  pathology  does  not  often  afford  ns  an  opportunity 
of  observing  death  by  acute  asphyxia.  The  complete  and 
sadden  ooclnsion  of  the  main  branches  of  the  pulmonary 
artery  can  scarcely  be  cited  as  an  example  of  pure  death  by 
asphyxia,  since  this  accident  at  the  same  time  causes  a  sudden 
interruption  of  the  entire  circulation.  Here  death  usually 
takes  place  still  more  suddenly  than  in  suffocation,  and  no 
time  is  left  for  the  development  of  violent  dyspncea  or  of 
general  convulsions ;  the  patient  gasps  a  few  times  anxiously 
for  air,  the  body  is  bont  in  opisthotonus,  and  then  im- 
mediately sinks  down  deprived  of  sensibility  and  oonscious- 

*  BoMnthftl,  *  A.  f.  AnaU  u.  Physiol./  1865,  p.  191. 
f  Stnigmnow,  *  P6ug.  A.,*  xii.  p.  18. 
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UGSS,  and  all  is  over.  Typical  and  uncomplicated  exampi 
of  death  by  aspliyxia  are  afforded  by  fatal  *tpasm  of  the  glottii 
and  by  the  sudden  bending  of  the  trachea  occnrring  in  persona 
suffering  from  goitre.  Further,  when  death  occurs  in  a  few 
minutes,  after  the  escape  into  the  air-passages  of  a  large 
quantity  of  blood  from  a  ruptured  vessel,  it  takes  place  with 
all  the  phenomena  of  asphyxia ;  thus  e.  g,  a  fatal  heemoptysis 
in  a  phthisical  subject  almost  invariably  causes  death  bj 
suffocation  and  hardly  ever  by  the  loss  of  blood.  Lastly^  in 
those  rare  cases  where  an  already  existing  unilateral  pneutno- 
thorax  becomes  complicated  by  pneQmothoi*ax  on  the  opposite 
side,  perhaps  owing  to  the  rupture  of  a  phthisical  cavity,  life 
is  rapidly  terminated  by  suffocation.  Many  more  illustrations 
of  death  by  acute  asphyxia  can  hardly  be  selected  from  patho- 
logy* For  several  other  processes,  though  in  themselves 
acute,  do  not  so  abruptly  terminate  respiration  aa  to  justify 
us  in  speaking  of  acute  asphyxia  ;  thus  hours  may  pass  before 
a  patient  snccumbs  to  oedema  of  the  glottis  or  to  a  paroxysm 
of  pulmonary  oedema,  and  death  from  croup  is  usaally  pro- 
coded  by  an  illness  of  several  days,  i*.  e.  by  a  stenosis  of  the 
larynx  of  several  days'  duration.  And  now  as  regards  pleuro- 
pneumonia, bronchitis,  pleuritic  exudation,  trichinosis,  pul- 
monary emphysema  and  pulmonary  tuberculosis — who  does 
not  know  that  persona  ultimately  dying  from  one  of  these 
diseases  of  the  respiratory  apparatus  are  previously  for  days 
and  weeks,  or  indeed  montlis,  the  subjects  of  more  or  less 
considerable  disturbance  of  the  respiratory  process  ? 

If  an  individual  suffering  from  any  one  of  these  diseasi 
actually  perishes  from  the  impediment  to  respiration,  this  in- 
variably implies  that  the  alteration  in  the  gaseous  contents 
of  the  blood — the  diminution  of  oxygen  and  the  increase  of 
oarbonic  acid — has  become  so  considerable  that  life  has  ceased 
to  be  compatible  therewith.  It  is  obvious  that  in  this  gradual 
deterioration  of  the  gaseous  contents,  this  »low  suffocation, 
no  such  obstacles  can  exist  as  exceed  from  the  start  the  re- 
gulatory capabilities  of  the  organism.  But  there  are  many 
impediments  which  increase  gradually,  and  which,  after  being 
for  a  certuin  period  more  or  less  completely  compensated,  at 
first  by  moderate  and  then  by  extreme  dyspucea,  may  tiiuilly 
reach  such  a  pitch  that  tho  strongest  dyspnoea  c-an  no  lon| 
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postpone  the  fatal  impoverishment  of  the  blood  in  oxygen. 
It  is  in  this  way  that  oedema  of  the  larynx  and  of  the  Inngs^ 
and  very  often  laryngeal  croupj  prove  destructive  ;  in  this 
way  also  pneumonia  proves  fatal  when  it  successively  involves 
larger  and  larger  portions  of  both  lungs ;  and  in  the  same 
category  must  be  placed  those  cases — not  indeed  frequent — 
where  death  occurs  because  the  smaller  pulmonary  arteries 
are  occluded  one  after  another  by  ordinary  bland  emboli.  I 
may  remind  yon,  further,  of  a  remark  we  formerly  made  as 
to  the  frequency  with  which  a  respiratory  lesion  becomes 
complicated,  either  as  a  natural  consequence  or  quite  inde- 
pendently, by  a  fresh  impediment  to  respiration,  of  such  a 
kind  that  the  degree  of  dyspnoea  of  which  the  individual  con- 
oemed  is  capable,  no  longer  suffices  to  seoure  compensation. 
The  individual  concemedj  I  say,  for  here  we  meet  a  further 
factor  of  extreme  importance  as  regards  the  question  now  en* 
gaging  our  attention,  namely,  that  the  power  of  regulation  is 
not  equally  great  in  all  persons  or  in  the  same  person  at  differ- 
ent times.  If,  on  division  of  both  the  phrenica,  a  very  young 
rabbit  at  once  dies  from  asphyxia,  while  an  older  animal 
usually  survives  the  operation  for  days  and  weeks,  this  differ- 
ence is  attributable  simply  to  the  fact  that  the  weak  scaleni, 
intercostals,  levators,  &,c,,  of  the  young  animal  are  not  yet 
capable  of  effecting  the  inspiratory  dilatation  of  the  thorax 
necessary  to  sustain  life,  a  task  which  the  stronger  muscles 
of  the  fully  grown  animal  can  accomplish  without  difficulty. 
To  seoure  the  actual  atrengthening  of  the  respiratory  move- 
ments in  dyspnoea,  the  first  and  indispensable  condition  is 
that  the  respiratory  mu-»cles  tfhmM  he  Junctional  and  vigoroud. 
True,  wo  were  able  to  make  out  that  the  organism  can  com- 
pensate for  the  excessive  feebleness  or  too  small  extent  of  the 
respiratory  movements  by  increasing  their  frequency  ;  but, 
if  the  respirations  are  to  continue  to  snbserve  the  interchange 
of  gases,  this  increase  of  frequency  has  its  limits ;  and  then 
of  what  avail  is  the  mnltiplication  of  the  respirations,  with 
the  shortening  and  shallowness  inseparable  from  it,  as  against 
a  stenosis  of  the  larynx  or  trachea,  a  diffuse  bronchitis,  an 
extensive  atelectasis^  in  short,  against  any  of  those  respira- 
tory impediments,  which  can  be  compensated  only  by  a 
lengtheaing  and  deepening  of  the  respirations,  and  to  which 
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the  body  is  accustomed  to  respond  by  this  modification  of  the 
respiratory  movements  ?  But  if  it  be  impossible  to  compen- 
sate Bome  of  the  impediments  to  respiration  Avithout  an  actaal 
strenffthening  of  the  respiratory  movements,  it  directly  follows 
that  the  succeBS  or  failure  of  compensation  does  not  depend 
alone  on  the  amonnt  of  the  impediment.  This  consideration 
in  a  great  measure  explains  why  a  diffuse  capillary  bronchitis 
is  so  much  more  dangerons  to  little  children  than  to  adults, 
and  also  throws  light  on  the  fact  that  extreme  pulmonary 
emphysema  or  advanced  cirrhosis  of  the  organ  is  so  much 
better,  and  especially  longer,  tolerated  than  a  phthisical  de- 
struction of  the  long  of  equal  or  even  lees  extent.  The  result 
which,  in  children  at  the  breast,  is  due  to  the  imperfect  deve- 
lopment and  the  feeblouess  of  the  musculature  of  the  thorax, 
18  produced  in  the  phthisical  by  the  atrophy  and  weakness 
of  the  muscles  setting  in  daring  the  course  of  the  disease ; 
in  both  cases  the  muscles  are  incapable  of  carrying  out,  for 
a  long  time  together,  vigorous,  ample,  and  deep  inspirations. 
I  recently  referred  to  some  acnte  as  well  as  chronic  processes 
which  reduce  the  functional  power  of  the  respiratory  mnscles 
by  injuring  their  contractile  substance  ;  but  trichinosis,  and 
progressive  muscular  atrophy,  &c.,  are  incomparablj  less  im- 
portant, as  regards  the  question  now  engaging  our  attention, 
than  is  pyrexia.  For  all  pyrexia!  diseases  sooner  or  later 
dopresB  the  energy  of  the  muscles,  some  of  them,  like  the 
typhous,  to  a  greater  degree  than  most  others.  It  is  this  mus- 
cular feebleness — which  in  the  phthisical  also  is  in  great  part 
traceable  to  the  hectic  fever — that  constitntea  one  of  the  most 
essential  causes  of  the  greater  danger  to  life  of  diseases  of 
the  respiratory  apparatus  which  are  accompanied  by  high  and 
especially  by  prolonged  fever,  as  compared  with  equally  great 
but  apyroxial  impediments  to  respiration.  Lastly,  there  is 
another  fact  which  must  not  be  forgotten,  one  which  in 
cardiac  lesions  also  plays  such  an  important  part,  namely,  the 
danger  lest  the  muscles  which  have  been  overworked  for  so 
long  a  time  should  finally  become  cxhaiiBt^d*  Here  too  pro- 
bably, as  in  the  hypertrophied  henri,  fatty  degeneration  is  a 
consequence  or  sign  of  the  setting-in  of  exhaustion.  Often 
enough,  however,  all  fatty  degeneration  is  absent,  as  well  aa 
every  macroscopic  and  microscopic  criterion  of  it,  wLilo  Mill 
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tlio  manner  iu  whicL  the  masclea  act  ahowB  only  too  olearly 
their  diminiBhed  functional  power. 

Yet  for  the  production  of  stronger  respiratory  movements 
it  is  not  enough  that  the  muscles  of  respiration  should  be 
functional  and  vigorous ;  they  must  be  stimulated  in  a  cor- 
responding degree^  or  in  other  words^  the  stimuli  must  be 
stronger^  and  the  irritability  of  the  respiratory  centre  must 
therefore  be  unimpaired.  The  excitation  of  this  centre,  owing 
to  thu  defective  gaaoons  contents  of  the  blood,  is  of  course 
the  cause  by  which  the  dyspnccic  respiratory  movements  are 
initiated  ;  and  if^  as  already  mentioned^  animals,  which  arc 
bled  profusely  or  whose  blood-snpply  to  the  head  is  cut  off 
by  compresBiug  the  arteries^  breathe  dyspnocically,  this  is 
simply  the  reaction  of  the  respiratory  centre  to  the  sudden  de- 
ficiency of  oxygen.  Abnormal  stimulation  of  the  respiratory 
centre  is  also  the  cause  of  the  dyspnoea  in  many  emotional 
disturbances  as  well  as  in  the  dyspnueio  paroxysms  of  tbo  hytt' 
ierical ;  and  that  the  extreme  acceleration  of  the  respirations 
duo  to  hoatj  t.  e.  to  ahwrmally  hi<jh  temperature  of  the  blood, 
is  brought  about  by  the  direct  excitation  of  the  respiratory 
contrCj  has,  as  is  well  known,  been  strikingly  demonstrated 
in  Fick's  laboratory  ;"**  lastly,  it  is  much  more  probable,  con- 
sidering evcrythingi  that  the  dyspncoa  of  the  nrscmici  which 
is  sumetimes  so  intense,  depends  rather  on  the  action  of  the 
urmmic  blood  ou  the  respiratory  centre  than  on  spasm  of  the 
bronolii,  as  claimed  by  some  writers.  But,  as  will  appear 
without  further  consideration,  the  direct  inference  from  these 
facts  is  that  there  %vill  be  no  strengthening  of  the  respii-atory 
movements  when  the  excitability  of  the  respiratory  centre  is 
diminished.  Is  it  not  only  and  solely  because  the  latter,  like 
the  entire  central  nervous  system,  loses  its  irritability  on 
extreme  deprivation  of  oxygen,  that  in  acut-e  suffocation  the 
period  of  strongest  dyspnoea  and  of  convulsions  is  followed 
by  the  stage  of  asphyxia,  in  which  the  body  lies  deeply  coma- 
tose and  the  ^strongest  stimuli  are  no  longer  capable  of  ini- 
tiating any  respiratory  movements  ?  True,  in  pathology,  the 
complete  cessation  of  irritability  of  the  brain  is  only  possible 
during  the  agony  ;  its  depression,  however,  is  all  the  more 

•  Ooldrtfiin. '  Wfirtburg.  tuetl.  Verhandl.,*  1871,  p.  156 ;  Kick,  *  Pfliig.  A.,' 
Vf  ]>.  ^8i  v.  Mvi-tscliiuftk^,  'B«ilrag  sur  Wiirmcdjvpaoe,  1.-D.,  r88i. 
VOL.  111. 
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frequent.  Id  this  connection,  we  have  to  coneidor,  in  the 
first  place,  those  diseases  with  which  are  aesociatod  general 
stupor  and  impairment  of  the  sensorium,  as,  for  example, 
typhus  fever ;  in  the  next  place,  those  processes  by  which  the 
proHsure  relations  or  the  regular  circulation  in  the  interior  of 
the  cranium  is  disturbed,  such  as  cerebral  tumours  or  haemor- 
rhage, more  especially  in  the  region  of  the  medulla  oblongata, 
and  the  more  extensive  intiammations  of  the  pia  ;  but,  above 
all,  we  have  to  take  into  account  the  extensive  group  of  re- 
spiratory lesions,  by  which  the  oxygen-contents  of  the  blood 
are  gradually  diminished.  For  though  only  the  rapidly  pro- 
gressive impoverishment  of  the  blood  in  oxygen,  advancing 
to  an  extreme  degree,  can  quickly  destroy  the  irritability  of 
the  medulla,  it  would  be  an  error  to  regard  the  slower  and 
more  insidious  diminution  of  the  oxygen-contents,  though 
never  reaching  so  high  a  pitch,  as  an  immaterial  change. 
Rather,  just  as  the  functional  power  of  all  the  organs  suffers 
when,  instead  of  blood  abundantly  saturated  with  oxygen^  a 
Ouid  with  more  or  less  impoverished  oxygen- contents  is  con- 
veyed to  them  by  the  arteries,  so  also  with  the  function  of 
the  brain,  which  will  the  more  markedly  be  impaired,  as  the 
integrity  and  activity  of  the  central  nervous  system  is  more 
dependent  on  the  constant  presence  of  an  abundance  of  oxygen 
than  is  the  case  with  other  organs. 

The  ways,  you  see,  are  many  by  which  the  respiratory  dis- 
eases of  one  kind  or  another  may,  after  a  brief  period  or  a 
long  one,  bring  about  such  an  impoverishment  of  the  blood  in 
oxygen  as  shall  be  no  longer  compatible  with  life,  and  will 
accordingly  prove  fatal.  In  a  number  of  instances,  the  im- 
pediment to  respiration  gradually  increases  in  such  a  way 
that  finally  the  means  of  compensation  at  the  command  of  the 
organism  no  longer  suffice  to  overcome  it,  while  in  other  osisea 
the  same  result  will  be  produced  by  the  accession  of  fresh 
impediments.  More  frequently,  however,  it  happens  thaty 
without  any  augmentation  of  tho  respiratory  lesiouj  the  com- 
pensation becomes  inadequate  because  tho  muscles,  or  norvons 
system,  or  both,  gradually  fail.  Lastly,  it  is  not  uncommon 
for  tho  increase  of  tho  respiratory  impediment  to  concur  with 
the  failure  of  compensutioui  which  will  theti,  obviously,  all 
tho  more  certainly  prove  fatal.     In  all  these  oasos  of  alow 
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Tocaiionp  the  tormiDation  of  life  is  not  marked  by  tho  same 
stormy  phenomena  observed  in  sadden  occlusion  of  the  tra- 
chea^ in  fatal  embolism  of  the  pulmonary  arterieSj  or  in  sudden 
inundation  of  the  air-passages  with  liquid.  This  difference 
will  bo  rendered  intelligible  by  tho  slow  development  of  the 
fatal  change  in  the  gaseous  contents  of  the  blood,  and  still 
more  by  an  accurate  consideration  of  the  causes  of  suffo- 
cation^ as  I  have  just  attempted  to  expound  them  to  yon. 
For  if  the  respiratory  impediment  endangers  life  precisely 
because  the  individual  concerned  is  unable,  owing  to  muscular 
weakness  or  loss  of  irritability  of  the  central  nervous  system, 
to  carry  out  the  dyspnceic  respiratory  movements  necessary  to 
compensation,  you  cannot  properly  expect  to  find  this  most 
striking  symptomof  suffocation  in  such  cases.  Call  tomind  the 
picture  of  asphyxia  in  a  curarised  animal.  If  tho  carotid  has 
been  connected  with  a  kymography  you  soon  see,  on  stopping 
artificial  respiration,  a  considerable  rise  of  the  blood-pressure 
curve^  and  at  the  same  time  the  most  unmistakable  vagus- 
pulsations  ;  after  a  minute,  or  at  most  a  minute  and  a  half,  the 
arterial  blood  ceases  to  be  distinguishable  from  the  venous  ; 
both  are  very  dark,  almost  black — and  in  spite  of  this,  you 
have  noticed  neither  dyspnoeic  respiratory  movements,  nor  con- 
vulsions; indeed  not  a  single  muscular  twitching  has  occurred. 
What  is  here  the  result  of  the  paralysis  of  the  motor  nerves, 
is  produced  in  slow  suffocation  by  the  muscular  feebleness 
and  the  deficient  irritability  of  tho  central  nervous  system : 
there  is  a  complete  absence  of  those  striking  irritative  jyheiW' 
mena,  which  in  death  by  acute  suffocation  precede  tho  as* 
phyxia.  There  is  no  extraordinary  increase  of  dyspnceaand 
no  convulsions ;  similarly  the  exophthalmos  and  the  dilated 
pupils  are  absent,  as  well  as  the  evidences  of  irritation  of  tho 
vaao-motur  and  vagus  centres.  Rather,  tbo  pulse  of  such  pa- 
tients is  usually  small  and  easily  compressible,  very  frequent 
and  sometimes  irregular  ;  the  pupils  are  normal  or  even  con- 
tracted, and  all  the  bodily  movements  feeble  and  languid. 
Instead  of  the  cyanosis,  which  it  is  easy  to  see  will  be  more 
apparent  the  more  full-blooded  and  vigorous  the  individual, 
the  face,  skin,  and  visible  mucous  membranes  of  such  patients 
take  on  a  bluish  grey,  dull,  almost  leaden  hue  ;  the  tempera* 
ture  is  low,  and  the  skin  feels  cool  to  the  touch.     For  not 
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only  do  tlie  movements  but  all  the  other  functions  gradually 
become  paralysed ;  the  patients  grow  markedly  apathetic^  or 
oven  somnolent^  are  unaware  of  all  that  goes  on  around  them, 
and  nnconsoioos  of  their  o^ra  need  for  air.  Henoe^  in  spite 
of  the  continuance  of  n  considerable  respiratory  impediment, 
the  patients  neither  complain  of  want  of  breath  nor  make  in- 
oroased  respiratory  movements.  They  neither  sit  straight 
up  in  bed  nor  support  the  trunk  with  thoir  arms  so  as  to 
give  themselves^  or  rather  their  thorax-musolcsj  a  falcram  for 
their  work  ;  indeed  they  scarcely  make  use  of  the  accessory 
muscles  of  respiration;  thoir  breathing  is  frequent, but  shallow 
and  restricted.  Moreover,  owing  to  the  defective  irritability 
of  the  respiratory  centre,  irrogularitios  in  the  respiratory 
movements  sometimes  develop,  and  of  these  none  is  more 
interesting  than  the  so-called  Choyne^S token  ronpiratory  phe- 
nomenon. 

This  phenomenon,  which  was  first  observed  by  the  Dublin 
physician  Cheyno*  and  more  folly  described  by  Stokesjt  con- 
fiists  in  a  aericn  of  inspirationa,  increaaing  to  a  vKiaiinum  and 
then  declining  in  force  and  length,  till  a  condition,  of  apncca, 
a  complete  respiratory  paiise,  sets  in.  This  may  last  bo 
long  as  to  give  rise  to  the  impression  that  the  patient  is 
dead,  till  the  pauso  is  terminated  by  an  extremely  feeble  in- 
spiration. A  somewhat  stronger  inspiration  follows,  and  then 
others,  which,  without  succeeding  one  another  more  rapidly, 
become  deeper  and  deeper  and  at  last  dyspnceic,  till  finally  tho 
patient|  groaning  loudly,  pusses  into  the  most  extreme  degree 
of  dyspnoea.  From  this  moment  the  dyspnoeio  character 
of  the  respirations  grows  less  and  less  marked  ;  the  breath- 
ing becomes  gradually  shallower  till  at  last  it  agaiu  pauses. 
The  time  occupied  by  these  phases  may  be  very  unequal : 
Trnubo,  who  paid  the  closest  attention  to  the  entire  pheno- 
menon,! has  observed  cases  in  which  four  or  five  such  periods 
(inclusive  of  the  pauses)  occuri*ed  io  one  minute,  whiloi  in 
other  cases,  the  pause  alone  occupied  thirty  to  forty  seconds 
and  the  duration  of  the  respirations  was  scarcely  loss.     It 

*  Clieyne, '  Dublin  Uoapit&l  R«p./  ii.  p.  317. 
t  StokM, '  Knuik.  d.  HencxM  a.  d.  Aortn,*  inu».  by  Ltndirurm,  t8$4. 
p.  aC7. 
t  Tiuube,  *  Gea.  Abbftodl.,'  ii,  p.  6S2 1  iilt  p>  t03. 
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shortly  before  death  and  always  in  severe  forma  of  disease 
that  this  remarkable  pheaomenon  makes  its  appearance.  It 
is  not  exactly  rare ;  rather  it  has  been  observed  in  various 
cerebral  diVea*e«,aa  tumours,  haemorrhages,  basilar  meningitis, 
in  nrtemic  paroxysms,  as  well  as  in  many  cardiac  affections^  as 
fatty  heart,  sclerosis  of  the  coronary  arteries,  imperfectly  com- 
pensated stenosis  of  the  aorta,  &c.  It  may  be  experimentally 
produced  by  the  administration  of  morphia,  aa  shown  by 
Filehno  :*  in  rabbits  the  injection  0*05  to  O'l  gram  hydro- 
chlorate  of  morphia  into  the  veins,  and  in  dogs  correspond* 
ingly  larger  doses  are  required,  to  render  the  breathing  tem- 
porarily periodic — Filehno's  term  for  the  mode  of  respiration 
under  discussion.  However  greatly  the  above-mentioned  dis- 
eases differ,  they  have  one  feature  in  common,  the  reduction 
of  irritability  of  the  respiratory  centre  in  consequence  of  the 
long  continued  impairment  of  the  arterial  circulation  of  the 
medulla  oblongata  ;  and  this  is  the  effect  also,  which  the 
morphia  first  exerts  on  the  respiratory  centre.  To  Traube 
belongs  the  credit  of  having  first  called  attention  to  the 
importance  of  this  depressed  irritability  of  the  respiratory 
centre  in  the  Cheyne-Stokes  phenomenon,  although  the  at- 
tempt to  base  its  explanation  on  this  alone  was  bound  to 
fail.  For  while,  on  his  assumption,  the  respiratory  pause  is 
quite  intelligible,  and  it  is  also  easy,  having  regard  to  the 
increasingly  venous  character  of  the  blood  during  the  pause, 
to  understand  the  period  of  incretising  respirations,  it  is  im- 
possible to  see  why  the  organism  should  not  thenceforward 
regulate  its  breathing,  to  correspond  with  the  need  for  oxygen, 
in  the  ordinary  rhythmical  manner,  instead  of  gradcally  re- 
lapsing again  into  a  state  of  apnoea.  To  explain  this  we  evi- 
intly  need  some  other  factor,  which  Filehne  believes  he  has 
discovered  in  tlie  intervention  of  the  innervation  of  the  cere- 
bral arteries.  Filehne's  line  of  argument  seeks  to  show  that 
in  thoBo  cases  tlie  gaseons  contents  of  the  blood  influence  the 
breathing,  not  only  directly  by  stimulating  the  respiratory 
centre,  but  also  indirectly  by  exciting  the  vaso-motors  of  the 
cerebral  arteries  ;  and  he  assumes  that,  owing  to  the  dimin- 

•  FiJehno,  '  Lterl.  kliu.  Wocheiwchrift,*  1873,  Nofc  13,  14;  'Ueber  doa 
Cht'yne-StokM'iMshc*  Athmungspbanomen,'  nabititattonMchrift*  1874;  'A.  f. 
eipcT.  Pftthol./  X,  p.  442  ;  xi,  p.  45  ;  '  Zeitsch.  f.  klin.  Med./  ii.  p.  355.  47i, 
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ished  irritability  of  the  respiratory  centre,  the  latter  effect, 
and  with  it  the  anaemia  of  the  brain,  is  more  promptly  initi* 
ated  than  the  former.  Snppoaing,  then,  that  for  some  reason 
or  other  a  respiratory  pause  takes  place,  the  consequent  de- 
terioration in  the  gaseous  contents  of  the  blood  leads  first  to 
a  contraction  of  the  arteries  of  the  brain  and  thereby  to  a 
gradaally  increasing  anosmia  of  the  medulla  oblongata,  by 
which  now  the  sluggish  respiratory  centre  is  also  stimulated 
in  an  increasing  degree.  By  the  dj'spnoeic  respirations  thus 
called  forth  the  oxygen-contents  of  the  blood  are  so  aug- 
mented that  the  excitation  of  the  vaso-motor  centre  passes  off, 
and  the  respiratory  centre  is  speedily  supplied  by  an  abuudauce 
of  blood  which  is  comparatively  rich  in  oxygen.  The  irrita- 
bility of  the  respiratory  centre  is,  however,  too  slight  to  en- 
able it  to  react  to  blood  of  this  character  by  further  respira- 
tory movements,  and  the  result  is  a  eucoessive  decline  of  the 
respirations  till  they  cease  completely  ;  whereupon  the  cycle 
is  repeated.  That  this  is  actually  the  connection  of  events, 
Filehne  has  rendered  plausible  not  merely  by  theoretical 
considerations  and  by  accurately  determining  the  blood-pres- 
sure in  rabbits  under  the  influence  of  morphia,  but  by  weighty 
evidence  derived  from  observations  at  the  sick  bed.  For,  on 
the  one  hand,  he  was  able  to  determine  that  the  inhalation 
of  amy!  nitrite,  if  it  produced  complete  paralysis  of  the  vessola, 
removed  the  Choyne-Stokes  phenomenon,  and  found,  on  the 
other  hand,  that  little  children,  displaying  the  phenomenon, 
exhibited  just  before  the  commencement  and  during  the  phase 
of  increasing  respirations  a  distinct  depression  of  the  large 
fontanelle,  which  cannot  properly  be  referred  to  anything  but 
a  diminution  of  the  blood-supply  to  the  brain.  But  however 
attractive  Filehne's  reasoning  may  appear^  I  must  not  con- 
ceal that  it  has  met  with  more  opposition  than  support  from 
the  writers  who  have  since  investigated  the  phenomenon  under 
discussion.  In  particular,  Rosenbach*  and  Lowit,t  who 
studied  the  subject  in  man,  as  well  as  Luchsinger  and  Soko- 
low,|  who  produced  a  periodicity  in  the  breathing  of  a  frog 
by  temporarily  ligaturing  the  aorta,  have  not  been  able  to 

•  Ro«m Wh,  •  Ztacli.  f.  Win.  Jled.,'  i,  p,  583. 

t  Lowit,  *  Prager  m«d.  WocboiUL-Ui.,'  1880.  Nn.  47. 

X  Lucham^r  uod  Sokolutr,  '  Ptltig.  A./  xiiiJ,  pw  38j. 
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convince  themsclres  that  the  alterations  in  the  tension  of  the 
vessels  take  place  in  the  manner  described  by  Filehne. 

Owing  to  its  close  connection  with  reduced  irritability  of 
the  respiratory  centre^  I  havo  thought  it  well  to  consider  the 
Cheyne-Stokes  respiratory  phenomenon  here,  although  it  is 
met  with  in  diseases  which  have  nothing  in  common  with  the 
respiratory  lesions^  and  does  not  form  a  constant,  or  even 
frequent,  symptom  of  slow  suffocation,  in  which,  at  any  rate, 
it  is  much  more  rarely  observed  than  any  other  of  the  dis- 
turbances already  described.  As  to  the  factor  conditioning 
these  disturbances,  the  actual  pernicious  agent  in  these  cases 
of  very  gradual  suffocation,  which  extend  not  uncommonly  over 
several  days  and  weeks,  on  this  point  no  certain  information 
can  bo  given,  owing  to  the  want  of  all  analyses  of  the  gases. 
There  is  no  doubt  that  in  sach  cases  also  both  alterations  are 
present^  the  trnpoveriahment  of  the  blood  in  ocoygen^  and  the 
accumulalwn  m  it  of  carbonic  acid ;  and  if  in  acute  asphyxia 
we  had  convincing  reasons  for  regarding  the  want  of  oxygen 
as  the  destructive  factor,  it  is  very  natural  that,  owing  to  the 
absence  of  all  stonny  symptoms  and  signs  of  irritation  gene- 
rally,  we  should  here  have  recouraQ  to  &  poisonmg  by  carbonic 
tuid.  Still  we  were  able,  as  I  think  adequately,  to  explain 
the  absence  of  irritative  phenomena  by  the  tardiness  of  the 
process,  the  muscular  feebleness,  and  more  enpecially  the 
reduced  irritability  of  the  central  nervous  system  ;  and  yon 
tn  scarcely  entertain  a  doubt  that,  for  the  last  of  these  con- 
litions,  the  chronic  deficiency  of  oxygen  should  be  made  re- 
sponsible rather  than  the  excess  of  carbonic  acid.  We  are 
not  as  yet  in  possession  of  the  crucial  facts  which  would  en- 
able us  to  come  to  an  exact  decision  on  the  entire  question ; 
wo  neither  know  to  what  pitch  the  loss  of  oxygen  and  accn- 
mnlation  of  carbonic  acid  proceed  in  these  cases,  nor  are  we 
acquainted  with  the  effects  of  a  chronic  simple  deficiency  of 
oxygen  or  of  a  permanent  excess  of  carbonic  acid ;  for  in- 
vest igatora  havo  hitherto  concerned  themselves  almost  exclu- 
sively with  their  acute  effects.  As  regards  acute  poisoning 
with  carbonic  acid,  old  and  more  recent  experiences  agree  in 
teaching  that,  if  slight  or  moderate  in  degree,  it  is  attende< 
only  by  irritative  phcuomena,  in  particular  by  dyspnoeia^ 
strengthening  of  the  respiratoty  movements  and  rise  of  blood- 
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wkile  in  the  severer  degrees,  &acb  aa  rcsuU  from 
cf  a  mixtare  of  gases  contaiQing  more  thaa  ao 
^^tf  MMt  eu^Kmie  acid,  the  irritatiTe  phenomena  very  soon 
^^Ky  pifeaee  to  marked  evidences  of  depre^aion.     The  respira- 
^nnt  bvooBO  slower  and  more  superficial,  the  blood-preaaaro 
P  Uft^  t^  morements  are  languid  and  sluggish,  the  tempera- 
is  kyireredi  and  the  animals  fall  into  a  state  of  stupor, 
fts  would  be  produced  by  narcnticsj  in  which  they  slowly 
ptOih,  often  after  the  lapse  of  a  considerable  time.     Although 
||mv0  ayo  many  undeniable  points  of  resemblance  between 
k\im  sequence  of  events  and  that  occurring  in  slow  sn£focmtion 
^  in  »an,  we  cannot,  in  my  opinion,  draw  any  conclusion  what- 
I  evtrfrom  the  acute  poisoning  as  regards  the  latter  condition. 
B  For  that  the  carbonic  acid  tension  of  the  blood  of  the  slowly 
P  mffocating  patient  ever  attains  the  values  here  secured  by 
iLe  experiment  is  far  from  clear  and  a  priori  is  very  improb- 
able ;  and  on  the  other  hand,  it  in  an^^hing  but  certain  that 
iko  irritative  phenomena  just  mentioned  persist  unaltered,  if 
Ikd  slight  elevation  of  carbonic  acid  tension  becomes  permO' 
mmi.     That  analogous  considerations  apply  to  the  diminution 
o(  oxygen-contents  I  need  not  again  emphasise.     Puthological 
Mtatomy  also  leaves  us  in  our  difficulty.     After  the  death  of 
a  healthy  individual  from  acute  asphyxia  produced  by  sudden 
ooolnsion  of  tho  trachea,  the  face  is  extremely  cyanotic  and 
an  unmistakable  venous  hypersemia  prevails  throughout  tho 
whole  body  ;  it  is  rare  to  miss  finding  the  much-discussed 

>oochymo6efi  which  have  been  incorrectly  attributed  by  some 
writers  to  the  rise  of  arterial  pressure  exclusively.  Pop  this 
is  at  moat  the  cause  of  the  small  haemorrhages  int«  the  con- 
junctiva and  pia  mater,  or  into  other  delicate  parts  in  which 
the  oapillaries  receive  no  support  from  the  surroundingtissnes ; 

tbut  it  13  not  concerned  in  the  production  of  the  much  more 
constant  ecchymoses  in  the  parenchyma  of  the  lungs  and  the 
pleur£D,  since  there  is  no  considerable  rise  of  pressure  during 
suffocation  in  the  pulmonary  system  of  vessels.  Tho  hssmor- 
I  rbagea  oC'Curring  under  such  circumstances  in  the  thorax  are 
■  due  rather  to  the  bad  effects  exerted  upon  the  blood-vosaola 
^■■d  the  blood-stream   in  th<  of 

^^B  air,  which  is  neoesBarily  i  i.ce 

ofj^gJubonred  inspirations  and  the  occlnsion  of  the  trachea. 
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They  are  therefore  an&logous  to  the  haemorrhageB  which  follow 
the  application  of  dry  cups  and  which  no  one  would  say  wero 
cau&ed  by  bursting.  Now,  we  have  already  di.scu8scd  the 
cause  of  the  absence  of  cyanosis  in  slow  safPocatioUj  and  if  in 
it  there  is  no  abnormal  rise  of  blood-pressure,  no  rupture  of 
capillarioH  can  ocour ;  still  less  will  you  expect,  in  slow  suffo- 
cation, to  find  ecchymoses  of  the  pleursa,  which  are  the  signs 
of  a  particular  kind  of  death  by  acute  asphyxia,  since  the 
special  causes  leading  to  their  production  are  never  present 
in  the  former.  AVhile,then,  the  absence  of  all  the  post-mortem 
eigns  characteristic  of  death  by  acute  asphyxia  does  not  tell 
against  the  poverty  in  oxygon  as  the  determining  factor  in  slow 
suffocation  also,  the  case  in  support  of  the  theory  of  carbonic 
aeid  excess  is  not  more  favorable.  Friedlander  and  Herter* 
have  noticed,  in  their  oft-mentioned  researches,* that  rabbits 
and  dogs  which  arc  made  to  breathe  a  mixture  of  gases  con- 
taining a  large  amount  of  carbonic  acid,  not  uncommonly  perish 
toiih  the  aigtia  of  acute  pulmonary  crdema,  and  that  in  other 
animals  also  which  succumb  to  carbonic  acid  poisoning,  hyper- 
lemic  and  oedematous  patches  are  almost  constantly  present 
in  the  lungs.  But  any  one  who  would  therefore  infer  that, 
in  those  cases  of  slow  suffocation  which  terminate  with 
cedema  of  the  lungs,  or  in  which  the  lungs  are  found  to  be 
more  or  less  codematous  post  mortem,  chronic  poisoning  by 
carbonic  acid  is  the  cause  of  all  the  symptoms,  would  cer- 
tainly far  overshoot  the  mark.  For,  in  the  first  place,  the 
final  pulmonary  oedema  occurs  not  only,  as  I  formerly  stated, 
in  derangements  of  the  respiratory  apparatus,  but  in  all 
varieties  of  disease,  and  is  nothing  more  or  less  than  a  sign 
that  in  the  agony  the  left  ventricle  of  the  heart  is  earlier 
paralysed  than  the  right ;  and,  again,  the  writers  just  named 
have  thrown  no  light  on  the  mode  in  which  the  acute  poison- 
ing with  carbonic  acid  brings  about  the  pulmonary  cedema, 
yet  this  must  be  known  beyond  question  before  one  can  pro- 
ceed to  draw  an}'  conclusion  whatever  from  the  appearance 
iT  non-appearanco  of  the  oedema.  Taking  everything  into 
iount,  it  seems  to  me  that,  in  the  present  state  of  onr 
science,  those  who  see  in  slow  suffocation  the  effect  of  a 

•  Friedloiulor  nnd  Uerter,  'Zeitachr.  f.  phvsiol.  Ctoime,*  ii,  p.  99;  iii, 
p.  19. 
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^v\^!kio  intoxioation  with  carbonic  acid  can  addace  no  better 
ljtV\^«uds  for  tbeir  belief  tban  can  those  who  look  npon  the 
yiiii>Y9H7  in  oxygen  as  the  determining  factor  not  only  in  acute 
i^ut  in  gradual  asphyxia. 


SECTION    V. 

THE  PATHOLOGY  OF  THE  URINARY  ORGANS. 

Were  we  to  date  the  origin  of  the  pathology  of  the  urinary 
organs  from  the  time  when  observations  were  first  made  on 
the  characters  of  the  nrine  in  disease,  we  might  unquestion- 
ably regard  this  as  the  oldest  and  longest  cultivated  section 
of  oar  science.  For  Jiges  before  a  chemistry  of  the  urine  ex- 
isted, physicians  were  accustomed  to  pay  the  closest  atten- 
tion to  their  patients'  urine,  and  to  attach  tho  greatest  im- 
portance to  its  condition  as  an  aid  to  diagnosis  and  prognosis. 
In  the  medical  literature  of  every  century  innumerable  state- 
ments are  contained  as  to  the  constitution  of  the  urine  in  the 
various  diseases  and  in  different  stages  of  the  same  disease — 
statements  which,  it  is  true,  have  acquired  a  very  different 
aspect  since  the  most  primitive  means  of  examination  have 
given  place  to  the  entire  physical  and  chemical  apparatus  of 
our  laboratories.  But  although  tho  number  of  well-founded 
facts  has  gradually  become  bo  large  that  a  special  branch  of 
science  has  arisen  out  of  them,  and  with  good  reason  is  taught 
independently,  yet  the  subject-matter  of  urinary  semeiotics^ 
as  this  now  discipline  might  be  called,  cannot  at  all  be  iden- 
tified with  the  pathology  of  tho  urinary  apparatus.  In  tho 
first  place,  pathology,  like  physiology,  has  to  reckon  with  the 
fact  that  the  urine  does  not  at  once  leave  tho  body  when  pro- 
duced and  immediately  become  open  to  investigation ;  i, «. 
in  other  words,  wo  have  carefully  to  distinguish  between  the 
$ecrei\on  and  the  discharge  of  the  urine.  Taming  fir§t  to  tho 
secretion,  I  need  hardly  say  that  a  complete  theory  explain-^ 
ing  all  the  facts  does  not  yet  exist.  But  though  we  may  b< 
painfully  sensible  of  this  want,  we  dare  not  idly  fold  our  arms, 
more  especially  as  physiology  looks  to  us  for  positive  guid- 
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ance  and  decisive  information  on  many  of  the  qnostions  in 
dispute.  Fortanately  we  do  not  need  to  wait  till  the  normal 
secretion  of  urine  is  elucidated  in  all  its  phases ;  for  we  al- 
ready know— and  in  some  respects  better  than  in  most  other 
organs — the  essential  conditions  on  which  the  physiological 
secretion  depends.  We  know  howintimate  are  the  relations  be- 
tween the  renal  secretion  and  the  blood — more  intimate  than  in 
any  other  gland ;  for  with  the  blood  the  kidneys  do  not  simply, 
like  the  remaining  glands,  receive  the  material  out  of  which 
they  make  good  their  waste  and  produce  their  secretion^  but 
there  ia  supplied  to  them  in  it  all  the  substances  of  the  urine 
already  formed,  so  that  nothing  passes  iuto  the  urine  which 
was  not  previously  present  in  the  blood,  and,  on  any  change 
in  the  composition  of  the  blood,  there  is  as  a  rule  an  immediate 
alteration  in  the  composition  of  the  urine.  But  the  urinary 
secretion,  as  we  have  learned  mainly  through  theinvestigations 
carried  out  in  Ludwig's  laboratory,  does  not  depend  merely  on 
iheconstitnti&nufthc  blood;  it  is  also  influenced  hj  the  pressure 
and  velocity  of  the  hlood-stream ;  if  the  arterial  pressure  falls 
below  a  certain  point,  the  secretion  of  urine  is  completely  ar- 
rested, and — what  is  perhaps  still  moredeciaive — every  change 
of  pressure  is  attended  by  an  alteration  iu  the  amount  and 
composition  of  the  urine.  It  is,  further,  self-evident  that, 
just  as  in  all  other  glands,  we  can  count  upon  a  normal  renal 
secretion  only  when  the  secretory  apparatus,  t.  e.  the  glomertili 
and  the  epithelium  of  the  txihiili  vriniferi,  are  intact.  Lastly, 
if  the  urinary  secretion  is  to  proceed  regularly  the  flow  ofih^ 
ttWnfi  from  the  tubulea  imtat  not  he  oj)pot*ed  by  any  ahnormnl 
ohstacle.  Provided  these  conditions  are  fulfilled,  the  secro- 
tion  of  urine  goes  on  continuously  iu  a  regular  manner  ;  and, 
conversely,  we*  may  infer  that  when  the  secretion  is  patho- 
logical, one  at  least  of  these  conditions  is  not  met.  By  thcflo 
conditions,  then,  we  shall  in  pathology  most  advantageously 
be  guided,  and  it  will  be  our  task  to  examine  ho^o  the  $«cre- 
tion  of  urine  in  affected  tn  rnorhid.  conditions  of  the  hlood,  by 
abnormal  behaviour  of  the  hlood-ftrram,  in  lesion^  of  the  glo' 
meruH  and  renal  epithelium,  and  in  presence  of  abnormal  re* 
itijttances  in  the  urinary  jtasvages. 


CHAPTEll  I. 

INFLUENOH    OP    THB    CONSTITUTION    OF    THE    BLOOD    ON    THE 
UlilNAEf    SECRKTION. 

PoiefUial  uriiwry  conHituents  (hamfafaigo  Sfcoffc), — Tfie  water 
of  the  urine, — Saltt. — The  chlorides  vf  the  urine  in  fever. — 
Retiction  of  ifw  urine, —  Urea, —  Uric  acid, — Hit  origin, — 
Uric  acid  infarct  of  the  tieiO'horn. — Gout. — Urinary  pig* 
mcnti/, — Indican, — Sugar. — Biliary  constitu^its, — HwrnO' 
globinuriu, — Period/leal  hsBi}ioglohinuria,*^Fai,  uporen  of 
hypkomycetm,  and  achizomycetes. 

While  I  just  now  stated  in  my  introductory  remarks  that 
every  alteration  in  the  composition  of  the  blood  is  reflocted 
in  the  urine,  thiB  rale  must  be  qualitiod  to  a  certain  extent 
if  it  is  to  be  absolutely  correct.  For  it  is  fully  applicable 
only  to  those  ingredients  of  the  blood  which  pass  over  into 
the  urine,  and  which  may  be  termed  pote.ntUil  urinary  consti- 
tuents [harnfdhige  Stoffe) ,  You  know  of  course  that  normally 
neither  the  formed  elements  of  the  blood  nor  the  albumen 
enters  the  uriuo^  and  you  will  accordingly  £nd  it  natural  that 
the  urine  should  be  uninfluenced  by  changes  in  the  absolute 
or  relative  numerical  relations  of  the  blood-corpasclcs^  and 
that  it  should  not  become  albuminous  when  larger  amounts 
of  albumen  are  supplied  to  the  blood  with  the  food.  On  the 
other  handj  the  number  of  potential  nrinary  constituents  is 
80  groat,  that  our  rule  loses  hardly  anything  of  its  importance, 
in  physiology  and  pathology,  through  the  foregoing  limitation. 
It  is  owing  to  the  fact  that  the  kidney  promptly  reacts  to 
every  change  in  the  amount  of  potential  urinary  constituents 
contained  in  the  blood  that  it  forms  the  moat  effective  means 
of  maintaining  the  composition  of  this  fluid  approximately 
cou&taut,  even  though  the  income  and  expenditure  of  the 
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organism  nndergo  tbe  greatest  variations  quantitatively  and 
qualitatively.  Thattlie  kidney  thus  acts  under  pathological 
conditions  also,  so  that  if  a  patient  whose  renal  function  pro- 
coeds  regularly  takes  iodide  of  potassium,  it  will  be  excreted 
in  the  urine,  and  that  if  he  drinks  more  he  will,  cmitrii 
parihtutj  lu'inate  more,  is  too  obvious  to  require  mention.  This 
being  so,  it  would  have  little  interest  for  you,  were  I  to  enu- 
merate in  order  all  the  alterations  of  the  urine  thus  brought 
about  in  diseaso.  For  the  principle  would  neither  be  ex- 
tended nor  placed  in  a  new  light  by  your  learning,  e.  g,  that  in 
certain  di&ooscs  the  quantity  of  phosphates  contained  in  the 
urine  is  large  or  small  because  the  phosphates  present  in  tho 
blood  are  much  or  little.  To  explain  in  this  manner  all 
possible  individual  cases  is  the  office  of  urinary  semeiotics, 
and  wo  shall  do  better  to  confine  ourselves  to  the  discussion 
of  such  events  as  are  of  special  j)ractical  importance  by  reason 
of  their  frequency,  or  through  which  we  may  at  the  same  time 
arrive  at  fruitful  conceptions  in  other  directions. 

No  urinary  constituent  is  so  evidently  dependent  on  tho 
blood  as  that  which  forms  the  chief  bulk  of  the  urine,  and  which 
therol'oro  alono  determines  the  volume  or  amount  uf  urine  so- 
croted  ;  I  mean  the  water.  For,  in  the  first  place,  the  water 
is  itself  an  exquisite  potential  urinary  constituent ;  and,  in  tho 
second  place,  we  have  learned  from  several  researches*  of  re- 
cent years  that  the  excretion  of  certain  substances  from  the 
blood  is  always  accompanied  by  a  transudation  of  water.  This 
is  known  to  be  the  case  with  some  of  the  neutral  salts  which 
have  long  been  placed  among  tho  diureticif  in  our  materia 
medica,  e.  g.  nitrate  of  soda  and  common  salt,  and  further  in 
a  marked  degi'eo  with  urea  and  urate  of  soda.  From  this  it 
follows,  evidently,  that,  csBtma  parihitji,  the  amount  of  urine 
secreted  depends  on  the  quantity  of  water  and  of  these  ma- 
terials present  in  tho  blood,  of  which  in  a  normal  condition 
tho  urea  and  the  chloride  of  sodium  are  most  important.  In 
fact,  the  variations  in  the  amount  of  urine  passed  by  healthy 
individuals,  though  very  great,  are  fully  explained  by  the 
variations  in  these  particular  factors.  By  partaking  of  li- 
quids or  watery  fooda  the  urinary  secretion  may,  as  is  well 

*  Heidt'uliain. '  Pflti^c.A^'  ix,^.  i  ;  OruUnor,  iliid.i  Uip.  370;  KuubautUt 
IbicL,  xr't,  p.  t^^,  xrii,  \u  580. 
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known,  be  increciaed  indefinitely  ;  and^  on  fche  other  band, 
everyone  is  aware  that  he  "who  drinks  little  will  urinate  liltle. 
Moreover,  when  in  midsummer  the  daily  volume   is  usually 

hktively  small,  this  is  due  simply  to  the  fact  that  large  qnan- 
ities  of  water  are  withdrawn  from  the  blood  by  the  very  active 

sensible  perspiration,  and  especially  by  the  abundant  secre- 
fcion  of  Bwoat.  On  the  other  hand,  it  is  an  old  experience  of 
the  experimental  physiologist  that  a  dog  produces  most  urine 
when  it  is  well  fed  with  flesh  and  consoquontly  forms  a  largo 
amount  of  urea,  and  that,  conversely,  when  the  fcx>d  is  poor 
in  common  salt,  there  is  not  only  less  salt  in  tho  urine,  but 
less  urine  is  secreted.*  If  possible  still  more  striking  evi- 
dence of  this  connection  is  afforded  by  pathology.  Thus  I 
may  remind  you  of  diabetes  mellilus,  with  regard  to  which  wo 
were  able  to  determine  that  enormous  quantities  of  urine  are 
passed  by  tho  patient  because  correspondingly  large  amounts 
of  water  are  consumed  ;  certainly,  in  comparison  with  this, 
tho  excessive  production  of  urea  in  the  diabetic  is  of  littlo 
moment,  though  it  undoubtedly  is  a  factor  that  increases  tho 
amount  of  urine,  which  cannot  as  yet  be  stated  absolutely 
vrith  rogard  to  the  sugar.  Tho  most  direct  contrast  to  dia- 
betes is  presented  by  rho^cra,  in  which  the  voluminous  liquid 
discharges  into  the  intestines  cause  such  a  degree  of  inspissa- 
tion  of  the  blood  and  withdraw  so  much  water  from  it,  that 

0  secretion  of  urine  is  completely  suppressed  and  absolute 
?iMrta  sets  in.  This  never  happens  in  a  physiological  con- 
ition,  oven  as  the  result  of  the  most  profuse  sweating  with 

mplete  abstention  from  liquids.  Such  extreme  examples 
of  the  influence  of  the  constitution  of  tho  blood  on  the  amount 
of  unue  are  much  less  frequently  observed  clinically  than  are 
slighter  degrees  of  the  same  relationship.  In  severe  ptyal- 
ism  little  urine  is  passed,  and  the  same  thing  applies,  as  for- 
merly stated,  to  the  more  extreme  forms  of  gastrectasis.  This, 
howeverj  holds  generally  true  of  all  diseases  in  which  for 
any  reason  the  patients  take  little  food,  though  tho  diminn* 
tiou  of  the  urine  is  most  striking  in  cases  where  the  nourish- 

ent  is  exclusively  or  chiotly  liquid,  as  for  example,  in  little 
children.     The  constant  reduction  of  tho  urinary  secretion  in 

*  Voit,  '  Unt«r8UcbuDgi?n  uber  d.  EmflosB  d.  KoclisaUee,  Ac.  auf  don 
Stoffwechael/  Munchen,  t86o. 
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f&v(yr  paiientd  also  depeuds  in  a  great  measure  on  the  ano- 
rexia, and  the  consequent  small  consamptiou  of  food,  whicli 
is  not  outweighed  by  the  increased  tbirat  of  tbeso  patients. 
For  although  their  thirat  Ib  considerable  as  compared  with 
their  deaire  for  solid  foodj  yet  the  absolute  amount  of  liquid 
taken  is  probably  without  exception  less  than  in  health,  es- 
pecially in  such  pyrexial  diseases  as  are  accompanied  by  a 
dulling  of  the  sensorium.  True,  in  fever  we  have  in  addition 
an  increased  excretion  of  water  by  the  lungs,  in  consequence 
of  the  more  frequent  respirations ;  an  augmented  perspiration 
through  the  skin,  which  in  all  febrile  diseases  is  at  least  occa* 
sionally  warmer  than  normal  ;  and  lastly  the  profuse  sweat- 
ing so  frequently  setting  in  in  fever  patients — all  of  them 
factors  which  withdraw  more  or  less  water  from  the  blood, 
and  thus  diminish  the  volume  of  the  urine.  But  because  all 
these  syruptoms  cease  on  the  disappearance  of  the  fever  and 
the  appetite  improves  considerably,  the  urine,  which  was  pre* 
viously  scanty  and  concentrated,  usually  during  convalescence 
becomes  pale  and  abundant.  It  may  bo  that,  while  a  pneu« 
monia  is  undergoing  resolution,  the  water  and  salts  which 
outer  the  blood  as  the  infiltration  is  absorbed  may  slightly 
augment  the  amount  of  urine  secreted  ;  but  the  chief  factor 
undoubtedly  is  that  after  the  crisis  the  convalescent  from 
pneumonia  begins  to  eat  and  drink  with  appetite.  And  if 
after  the  puncture  of  a  pleuritic  exudation  the  amount  of  urine 
is  increased,  this  is  due  rather  to  the  increased  consumption 
of  food  than  to  the  hypothetical  augmentation  of  arterial  pres- 
sure, whoso  mechanical  basis  has  besides  been  rendered  doubt- 
ful enough  by  the  experiments  of  Lichtheitu  (cf.  vol.  i,  p.  105). 
In  these  cases  the  uriue  is  increased  because  the  watery  cou« 
tents  of  the  blood  are  raised  above  the  uomial  average  valuo 
by  abundant  supplies  of  water.  For  on  this  precisely  it  de- 
pends ;  ouly  when  the  normal  amount  of  water  is  already  pre- 
sent in  the  blood,  will  the  water  supplied  it  at  once  be  excreted 
in  the  urine.  After  an  attack  of  cholera  the  secretion  of 
urine  does  not  begin  with  the  &rst  glass  of  water  taken  by 
the  patient ;  this  docs  not  happen  till  the  blood  and  the  tis- 
sues of  the  body  have  recovered  their  normal  proportigns  of 
water.  On  the  other  hand,  as  regards  the  effect  on  the  ari- 
uary  secretion,  the  source  of  the  abnormal  watery  uontonts 
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of  the  blood  is  quite  immaterial.  In  winter,  when  little  water 
is  witlitirawn  from  the  blood  by  sweating  and  insensible  per- 
6pirution,a  healthy  person  secretes  a  comparatively  large  quan- 
tity of  nrine,  and  the  absorption  of  a  dropsical  effusion  is  fol- 
lowed nt  once  by  a  considerable  increase  of  the  urinary  se- 
cretion. It  is  especially  interesting'  from  this  point  of  view, 
I  thinks  that  anromic  or,  more  correctly^  Ayr2r£6mtc  individuals 
slioulj  also  pass  un  abundance  of  urine,  which,  owing  to  the 
aniouitt  of  water  present,  is  light  and  at  tho  sumo  time  palo— 
a  condition  observed  by  Bauor*  to  follow  even  venesection. 
The  same  considerations  which  apply  to  tho  water  of  the 
ine  hold  good  of  the  salts  contained  in  it,  of  which 
the  chlorides,  and  chiefly  the  sodium  chloride,  make  up  the 
g'reat  bulk,  while  tlic  phosphates  are  of  subordinate  import- 
ance. The  greater  the  amount  of  suits  contained  iu  the 
blood  flowing  through  tho  arteries  to  tbe  kidneys,  tho  more 
saline  matters  will  bo  excreted  in  the  urine.  The  quantity 
present  in  tho  blood  depends,  however,  on  the  «uj?p/y  of  salts 
to  it,  and  un  tlie  amount  given  up  by  it  in  other  directions. 
For  the  expenditure  in  other  directions  must  also  be  taken 
into  account.  The  quantity  of  saline  materials  unuallij  lost 
in  the  tears,  sputum,  and  nasal  secretion  is,  it  is  truGj  infini- 
tesimal ;  it  is  not  so,  however,  in  profuse  salivation,  in  severe 
and  extensive  catarrh  6f  tho  bronchi  with  abundant  secretion 
of  mucus,  and  above  all  in  violent  diarrho^j  e.  g,  in  cholera. 
The  reason  that  diarrhcea  more  especially  diminishes  so  con- 
siderably the  saline  contents  of  the  nrine  is  simply  that  the 
absorption  of  salts — and  consequently  their  supply  to  the 
blood — is  interfered  with ;  and  sinco  the  administration 
of  large  quantities  of  salts  is  followed  by  diarrhcea,  it  is  not 
possible  to  increase  tho  saline  contents  of  the  nrine  above 
a  certain  maximum.  The  salts  in  question,  especially  the 
chloride  of  sodium,  are  jorr  »e.  very  easy  of  absorption,  and 
provided  neither  vomiting  nor  diarrhoea  Bi.*ts  iu,  the  baits  taken 
by  tho  mouth  can  hardly  fail  to  reach  the  blood.  In  disease, 
however,  the  direct  absorjition  of  salts  will  the  more  fre- 
qnontly  bo  reduced,  because  the  patients  take  very  little 
nourishment.  This  is  certainly  one  of  the  reasons  why  ia 
acute  pyrexia!  affections  the  chlorides,  and  also  the  phos-  i 
*  lUaer.  ^  Z«lt4«br.  f.  Biologic/  riii,  p.  594.  I 
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pbates'of  tbe  urine  undergo  such  a  rapid  and  considerable 
diminution,  so  that  only  minimal  qaantities  are  soraotimes 
present;  while  in  convalescence  they  increaae  with  equal 
rapidity.  But  the  behaviour  of  the  urinary  chlorides  in  fever 
is  not,  I  willingly  confess,  sufficiently  explained  by  this.  For 
their  decrease  follows  so  promptly  on  the  commencement  of 
the  fever  that  the  amount  of  nourishment  taken  cannot  possibly 
be  the  only  determining  factor.  The  cause  of  the  dimina* 
tioD  of  the  urinary  chlorides  in  pyrexial  diseases,  e.  g,  pneu- 
monia, has  been  sought  further  in  the  storing  up  of  chlorides 
in  the  infiltration  ;  but  this  assumption  is  at  once  disproved  by 
the  fact  that  the  chlorine-coutents  of  the  urine  at  once  begin 
to  increase  with  the  crisis,  *i.  c.  at  a  time  when  the  absorp- 
tion of  the  infiltration  has  not  yet  been  properly  set  going. 
The  inadequacy  of  these  attempted  explanations  appears  most 
strikingly  from  the  circumstance  that  fever  patients  can  per- 
fectly well  absorb  moderate  quantities  of  chlorides  introduced 
with  the  food,  so  that  not  a  trace  of  them  can  be  detected 
in  the  fceces,  and  yet  excrete  a  very  small  portion  in  the 
urine.  Rohmann,*  who  determined  this  remarkable  fact  in 
a  number  of  patients  suffering  from  various  acute  pyrexial 
diseafios,  infers  therefrom  that  the  chlorides  introduced  into 
the  body  in  fever  form  with  the  albumen  of  the  blood-plasma 
certain  combinations  which  are  broken  up  with  difficulty, 
and  consequently  interfere  with  the  excretion  of  chlorine. 
When,  with  the  fall  of  temperature,  these  abnormal  combi- 
nations become  less  stable,  the  excretion  of  sodium  chloride 
takes  place  in  normal  fashion,  and  is  at  first  excessive  in  con- 
sequence of  the  antecedent  retention. 

But  just  as  all  the  water  excreted  in  the  urine  does  not 
enter  the  body  as  such,  but  has  partly  been  produced  in  the 
organism  by  the  oxidation  of  substances  containing  hydrogen, 
so  too  the  salts  of  the  urine  are  by  no  means  all  exhibited  in 
the  same  form  and  amount.  Part  of  the  phosphorus  con* 
tained  in  the  urinary  phosphates  is  derived  from  the  prota- 
gon  of  the  brain  and  nerves,  part  of  the  potash  from  the 
blood-corpuscles,  of  the  lime  from  the  bones,  of  the  chlorine 
from  the  gastric  juice,  Ac.  Hence  it  is  not  surprising  th*t 
all  the  agents  which  act  more  or  less  intousely  on  the  meta- 
*  RoKioAnn,  *  ZeitBcbr.  f.  klio.  Hed./  i.  p.  513. 
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bolisxn  of  the  tissaes  should  also  iiffect  the  excretion  in 
the  urice  of  the  salts  in  question.  Id  this  way  is  to  be  ex- 
plained, e.  g.  the  comparative  riohness  of  the  urino  of  fever 
patients  in  potash  salts^*  the  increase  of  the  lime  salts  of 
the  nrine  in  rapidly  growing  eaneor  of  hone^  or  other  process 
accompanied  by  gr^at  destroction  of  osseous  substance^  and 
the  great  decrease  in  the  excretion  of  limo  in  extreme,  widely 
disaeminat'ed  calcification  of  the  arterieH.t  This  relationship 
is  also  strikingly  manifested  in  tho  reaction  of  the  urine.  It 
has  long  been  known  that  the  exhibition  of  soda  or  potashj  as 
well  A3  of  those  vegetable  salts  of  the  alkalies  which  are  con- 
verted into  carbonates  in  the  organism,  renders  the  urine 
alkaline,  or  at  least  reduces  its  acidity ;  while,  conver8ely> 
by  tho  adrainiatration  of  phosphoric,  sulphuric,  hydrochloric, 
tarturic  and  uther  acids,  the  acid  reaction  of  the  urine  is  in- 
creased. NoWp  normally,  a  large  amount  of  free  acid,  not 
introduced  from  without,  but  formed  in  the  organism  itself^ 
is  constantly  absorbed  with  the  gastric  juice,  and  how  im- 
portant this  is  in  its  bearing  on  the  acid  reaction  of  the  urine 
18  taught  in  tho  most  objective  way  by  those  interesting  cases 
of  ga»ireciasi$,  in  which  the  contents  of  tho  stomach  are 
almost  wholly  evacuated  by  vomiting,  with  the  result  that 
the  urino  is  constantly  alhaUn*\X  To  complete  what  has 
been  said,  as  regards  the  phosphates  and  sulphates  of  al- 
kalies also,  would  not  be  difficult,  yet,  in  accordance  with 
our  plan,  we  may  leave  this  to  special  pathology.  On  the 
other  hand,  from  the  point  of  view  of  general  principles,  it 
seems  worth  mentioning  that  just  as  the  excretion  of  some 
salts  in  the  urine  influences  the  water-excretion,  so  tho  wat^r- 
excretion  influences  the  excretion  of  these  salts.  Not  in  so 
great  a  degree,  it  is  true ;  yet  the  drinking  of  large  quanti* 
ties  of  liquids  distinctly  increases  the  quantity  of  salts  ex- 
creted, so  that  the  dilution  of  the  urine  docs  not  exactly  keep 
pace  with  the  increase  of  volume. 


"  SftlkovBki,  'Tircb.  A./  liii,  p.  209. 

t  Ii.  KirscUborg,  '  Ueber  KslkftUflscheidnn^  nnd  Verk&lkong,'  Inaug.- 
DisMii..  Bretlau,  1877. 

J  Bcnce  .l«>n<m,  •  Med-CIiir  Transact./  toI.  xiiv,  p.  39,  1853;  Qnincke, 
*  Corrciipondcnzbl.  f.  tkhweiz,  Avtzte/  1874,  ^'u.  i  ;  Stein,  *I>.  A.f.  klia. 
Med./  xviii,  f .  30-, 
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Tet  it  is  not  only  the  amount  of  urine  and  of  saline  matters 
contained  in  it  that  is  markedly  determined  by  the  constitn* 
tion  of  the  blood  supplied  to  the  kidneys,  but  also  tho  quantity 
of  those  bodies  which  form  the  final  ]^roducts  of  tlie  docom- 
position  and  transformation  of  nitrogenous  substances,  and 
which  are  nsually  termed  H'pecijic  urinary  c07iftt{tuentg.  Of 
those^  urea,  as  you  know,  plaj-a  the  principal  role  in  man,  and 
far  exceeds  all  the  others  in  amonnt — the  uric  and  bippnrio 
acidsj  kreatin,  &c.  Every  decomposition  of  albuminous  sub- 
stances in  tho  organism  immediately  gives  rise  to  a  corre- 
sponding amount  of  urea,  which  is  always  rapidly  excreted  in 
the  urine.  The  source  of  the  albumen  makes  no  difference. 
In  healthy  persons  it  is  pre-eminently  the  amount  and  compo- 
sition of  tho  food  that  determines  the  quantity  of  urea  ex- 
creted in  twenty-four  hours ;  but  also  in  the  different  dis- 
eases nothing  more  hinders  the  proper  estimation  of  any  ir- 
regularities in  the  excretion  of  urea  than  the  dissimilarity 
of  the  nourishment  taken.  That  a  diabetic  person  occasion- 
ally excretes  enormous  quantities  of  urea,  will  surprise  no 
one  who  has  seen  the  extraordinary  amonnt  of  iiesh  con- 
sumed by  him  ;  and  if^  conversely,  an  individual  with  stricture 
of  the  oesophagus  secretes  a  small  qnantity  of  urine  contain- 
ing little  urea,  this  is  simply  the  result  of  the  altogether  tn- 
ndeqnatc  supply  of  nourishment.  But  that  the  urea  may 
also  be  derived  from  the  proper  constituents  of  the  body  is 
proved  by  the  fact,  that  when  food  is  completely  abstained 
from,  the  excretion  of  urea,  thongh  it  gradually  dedinee, 
never  ceases  completely.  As  a  matter  of  fact,  the  decompo- 
sition of  the  proper  albumen  of  tho  body  proves  in  numerous 
disenFes  to  be  a  source  of  urea,  which  is  all  the  more  abund- 
ant the  more  profuse  and  rapid  tho  albuminous  waste.  To 
this  factor  alone  it  is  due  that  the  excretion  of  urea  in 
pyrexia  never  falls  to  the  low  point  that  would  correspond 
to  the  nourishment  taken  ;  for,  as  we  shall  have  to  consider 
later,  the  decomposition  of  the  albumen  of  the  body  is  ab- 
normally augmented  in  and  by  the  fever.  When  dealing  with 
fatty  degeneratiou  (vol.  ii^  p.  C;!)*  some  other  pathological 
factors  were  mentioned,  which  abnormally  increase  tho  dia- 
integration  of  albumen.  Here  belongs  not  merely  the  fcbrtlo 
increase  of  temperature,  but  that  too  j|||y^|gp  produced  bj 
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expoaare  to  an  excessivelj  warm  Bnrrounding  mediain  ;  fur- 
ther, acute  pho8phortt3'j)oi»onin^  and  certain  forms  of  ao-called 
ictenut  gravis.  On  the  same  occasion,  I  also  stated  that  A. 
Frankel  has  come  to  the  conclnsion  that  everything  which 
diminishes  the  supply  of  oxygen  to  the  blood  increases  the 
disintegration  of  the  albumen  of  the  body,  a  conclusion  to  which 
ho  was  led  as  the  result  of  his  experiments  on  asphyxia  in 
dogs  and  on  poisoning  with  carbonic  oxide,  as  well  as  by 
Bauer's  experience  as  to  the  influence  of  the  loss  of  large 
quantities  of  blood  on  the  metabolism.  In  all  these  cases  ha 
determined  the  presence  of  a  larger  amount  of  urea  in  the 
urine  than  could  be  accounted  for  by  the  consumption  of  ni- 
trogenous food.  Except  the  nitrogenous  bodies  contained  in 
the  food  and  those  of  the  organism  itself,  no  other  source  of 
urea  exists,  and  one  must  always  recur  to  the  one  or  the  other 
when  the  excretion  of  this  substance  is  increased.  This 
also  undoubtedly  holds  good  of  the  increased  excretion  of  urea 
which  regularly  follows  the  drinking  of  large  quantities  of 
water  and  the  exhibition  of  chloride  of  sodium  and  other 
diuretic  salts.  At  any  rate,  by  far  the  most  plausible  ex- 
planation of  this  fact,  first  determined  with  accuracy  by  Voit,* 
is,  that  the  more  abundant  juice-stream  bathing  the  tissues 
oE  the  body  carries  off  with  it  larger  <^uautitios  of  albumen 
and  thus  causes  its  decomposition.  I  was  fully  justified,  yoa 
see,  iu  placing  the  dependence  of  the  excretion  of  urea  on 
the  constitution  of  the  blood  side  by  side  with  that  of  the 
water  and  the  salts  ;  indeed  in  one  respect  the  case  of  urea 
is  simpler,  as  there  is  hardly  ever  a  necessity  to  take  into 
account  its  excretion  by  any  organ  except  the  kidney.  For 
though  urea,  owing  to  its  great  diffusibility,  may  pass  over 
into  the  lymph  and  transudations,  and  even  into  the  salivai 
gastric  juice,  succus  entericus,  and  probably  other  secretions 
ftlflOj  yet  provided  the  function  of  the  kidneys  bo  regular — 
aod  we  assume  this  in  our  present  discussion — the  quantity 
entering  these  fluids  is  so  small  that,  as  compared  with  the 
amount  excreted  by  the  kidneys,  it  may  safely  be  altogether 
neglected.  Violent  diarrhoea  mnstj  it  is  true,  diminish  the 
urea-contents  of  the  nrine^  not  because  much  urea  is  then  ex* 

*  Voit,  '  Untereuohungeo  ub«r  d.  Einfluw  d.  KochsilxM,  &o.,  auf  den 
Stoffw«chsel/  Muncben^  iS6o. 
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creted  from  tlie  intestine^  bat  because  it  mnBt  hinder  the  ab- 
sorption of  the  albamens  of  the  food.  For  the  rest,  one 
might  natarally  refer  here  to  the  large  accamalations  of 
serous  and  dropsical  fluid,  in  which  urea  is  invariably  present, 
it  may  be  in  tolerable  abundance.'**'  Edlefsenf  has  found,  in 
£act,  that  the  absorption  of  a  general  dropsy  is  attended  by 
a  gradual  but  considerable  increase  of  urea  in  the  urine, 
in  the  production  of  which  result  the  augmentation  of  the 
juice-stream  as  well  as  the  improved  appetite  may  have  a 
share. 

Matters  are  much  less  clear  in  the  case  of  uric  acid.  True, 
there  is  no  doubt  that  uric  acid  is  also  a  body  derived  by  oxi* 
dation  from  material  originally  albuminous,  and  that  this 
material  may  equally  well  be  albumen  of  the  food  or  of  the 
organism  itself.  Hence  the  excretion  of  uric  acid  is  increased 
by  an  abundant  diet,  especially  one  consisting  of  flesh,  and 
decreases  on  fasting,  although  the  much  smaller  absolute 
amount  of  uric  acid  excretion  makes  it  impossible  that  its 
variations  should  at  all  be  comparable  to  those  in  the  produc- 
tion of  urea.  But  even  so,  the  bare  fact  that  uric  acid  is 
one  of  the  final  products  in  the  retrogressive  metamorphosis  of 
the  albuminous  bodies  is  not  of  much  avail,  so  long  as  we  know 
1^0  little  of  its  actual  mode  of  formation,  and  especially  while 
we  are  so  completely  uninformed  as  to  its  relations  to  urea. 
Its  chemical  composition  suggests  the  idea  that  it  forms  a 
direct  antecedent  stage  in  the  production  of  urea,  and  the  ex- 
periments of  Frerichs  and  W6hler,t  according  to  which  the 
exhibition  of  uric  acid  causes  an  augmented  excretion,  not  of 
^is  body,  but  of  urea,  appear  to  afford  strong  confirmation 
of  this  view.  Still  Salkowski,§  who  recently  repeated  these 
experiments,  could  not  feel  certain  of  the  correctness  of  their 
results ;  rather  it  appeared  to  him  highly  probable  that  from 
uric  acid  allanioin  is  formed — which,  it  is  true,  according  to 
its  composition,  appears  to  be  an  antecedent  of  urea.  But 
even  if  it  were  certain  that  the  organism  has  the  power  of 

•  Naunyn, '  A.  f.  Anat.  u.  Phjaiol./  1865,  p.  166. 
t  Edle&en»  •  Med.  Centralbl/  1878,  p.  513. 

X  Frerichs   u.  Wohler.  'Annal.  d.  Chemie  und  Fhum.,'  Ixv,  p.  335. 
Alio  Zabelin,  ibid.,  1863,  Sapplemt.,  ii,  p.  336 
§  Salkowiki, '  Ber.  d.  dentsoh.  chem.  CM) 
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fanidking  up  the  uric  acid  taken  into  urea  and  oxalic  acid, 
or,  on  coiaplete  oxidation,  into  urea  and  carbonic  acid,  it  is 
fur  from  thereby  proved  that  the  uric  acid  actually  excreted 
from  the  body  is  proteid  material  which  had  not  yet  been  oxu 
dised  into  urea.  Rather,  such  a  suppusition  appears  to  me 
to  be  scarcely  compatible  with  the  fact  that  in  healthy  in- 
diridaals,  even  with  the  greatest  variations  in  the  consump- 
tion of  albuminous  food  and  the  greatest  differences  as  re- 
gards physical  exertion  and  other  habits,  the  mutual  relations 
between  the  excretion  of  uric  acid  and  urea  always  remain 
approximately  the  same.  As  for  the  support  which  the  as- 
sumption has  been  supposed  to  receive  from  pathology,  this 
also  is  weak.  Bartels^  in  his  well-known  investigation,*  has 
attempted  to  prove,  on  evidence  derived  from  systematic 
analysis  of  the  ai*iue,  that  in  all  diseases  attended  by  con* 
siderable  respiratory  disturbance  the  excretion  of  uric  acid 
iucreasoB,  the  mutual  relations  between  uric  acid  and  ureai 
being  altered  to  the  disadvantage  of  the  latter.  Yet  this  view 
has  not  been  confirmed  by  later  investigutioas,  and  Seuatort 
also  has  only  occasionally  seen  an  increased  excretion  of  uric 
ftoid  in  artificial  disturbance  of  the  respiration,  while  in  the 
great  majority  of  cases  this  excretion  remained  unaltered. 
Even  with  regard  to  the  uric  acid  infarcts  of  the  new-bonij 
and  the  abundant  production  of  uric  acid  during  the  first  few 
days  of  life^  the  ubatetricians;!:  who  assume  that  the  albami- 

.Ces  taken  in  large  amount  are  not  yet  completely  oxidised, 

luld  Snd  it  difficult  to  produce  proofs  of  this.      Certainly 
inadequate  supply  of  oxygen  to  the  blood  cannot  be  made  re- 
sponsible for  the  *'  incomplete  combostion,"  since,  according. 
to  my  experience  at  least,  the  uric  acid  infarcts  are  found  in 
strong  children  who  have  breathed  admirably,  while  I  have 

tost  often  failed  to  discover  them  where  extensive  atelectases 
bronchitis  and  broncho-pneumonia  were  evidence  that  the 
child's  respiration  was  defective.  Such  being  the  position  of 
affairs,  it  is  useless  to  refer  the  increased  excretion  of  uric 
acid,  so  often  observed^  in  the  leukxmic,  to  an  impoveriah- 

•  Bartcla,  *  D.  A.  f  klitu  Med.,'  1.  p.  13. 

f  Scuut^tr,  *  Virch.  A..'  lUi,  p.  t. 

J  Cf.  Spiegclberg,  'LeliTbuch  der  a«burt»hulfe,'  1878,  p.  228. 

§  Sftlkoweki,  '  VIroh.  A./  1,  p.  174,  contama  quotattoiw  from  Mveral  oibvr 
ftutbon,  lii,  p,  58. 
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ment  of  tlie  blood  in  oxygen,  the  more  bo  becanse  all  leakao- 
mic  patients  do  not  suffer  from  dyspnoea.  Moreover,  Petten- 
kofer  and  Voit*  could  detect  no  abnormality  in  the  absorp- 
tion  of  oxygen  and  excretion  of  carbonic  acid  in  a  leukssmic 
person,  whose  uric  acid  excretion  was  increased  by  64  per  cent* 
Whether,  indeed,  the  other  hypothe8i8,t  which  attempts  to  find 
the  reason  of  the  increased  excretion  of  nnc  acid  in  the  ang- 
mented  supply  of  this  substance  from  the  hypertrophic  organs, 
especially  from  the  spleen,  more  nearly  approaches  the  tratb, 
cannot  be  decided  at  present ;  the  fact  that  there  is  not  an 
increased  excretion  of  uric  acid  in  all  splenic  enlargements 
does  not  so  strongly  tell  against  the  theory  as  was  supposed 
by  Bartels. 

Nowhere  does  our  want  of  acquaintance  with  the  history 
of  the  origin  of  uric  acid,  and  with  the  conditions  under  which 
part  of  the  albuminates  are  oxidised  into  this  substance,  make 
itself  so  seriously  felt  as  in  gout.  For  ages,  as  is  well  known, 
a  luxurious  and  free  manner  of  life,  immoderate  eating  and 
drinking,  and  •specially  an  excessive  animal  diet  with  an 
inadequate  amount  of  exercise,  have  been  made  responsible 
for  the  production  of  gout ;  and  since,  about  the  beginning 
of  this  century,  it  became  known  that  nric  acid  forms  the 
chief  constituent  of  the  gouty  deposits,  and  that  the  blood 
of  the  gouty  is  abnormally  rich  in  this  body,  the  theory  was 
soon  started  that  incomplete  oxidation  of  the  albuminates 
taken  in  excess  is  the  cause  of  the  increased  production  of 
nric  acid.  The  theory  has  been  repeated  by  one  writer  after 
another  up  to  the  present  day,  although  its  weak  points  are 
apparent  enough.  In  the  first  place,  it  neglects  those  cases 
where  persons  who  notoriously  have  never  in  their  lives  in- 
dulged in  any  kind  of  excess,  suffer  from  the  most  severe 
paroxysms  of  gout.  Every  busy  practitioner  is  acquainted 
with  such  cases,  and  we,  pathological  anatomists,  have  from 
year  to  year  opportunities,  even  in  this  part  of  the  country 
where  gout  is  not  very  frequent,  of  examining  the  bodies  of 
persons  who,  though  they  lived  in  the  most  needy  circum- 
stances, have  a  more  or  less  large  number  of  joints  abnn- 

•  Pettenkofer  und  Vmt, '  Zeitwhr,  £.  Biol./  v,  p.  32a 
t  Yirehow,  hi*  '  ArdkiT,'  t,  p.  108 ;  Rank6,  'Br^  *%d  Y«niidM 

U»«r  d.  AoMcheidaog  der  Haiiwran  beim  Kmm  eft. 
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dantly  incrnsted  with  most  typical  urates.  On  the  other 
band,  who  does  not  nambcraniouc^st  his  acquaintances  persona 
who  are  accustomed  daily  to  indulge  to  excess  iu  food,  espe- 
cially such  as  is  rich  in  albuminates  and  fats,  who  put  no 
restraint  on  their  indulgence  in  strong  wines,  who  avoid  aa 
far  as  possible  all  physical  exertion,  and  yet,  though  all  the 
supposititious  causes  concur  in  their  case,  have  never  had 
even  the  slightest  indication  of  podagra  ?  And  then  heredity, 
which  in  few  diseases  plays  such  a  part  as  here,  and  to  which 
it  is  due  that  even  children  have,  though  only  exceptionally, 
their  regular  paroxysms  ,-  is  oue  to  attribute  the  gout  in 
these  boya  to  gluttonous  habits  and  want  of  exercise  ?  Nata- 
rally,  it  does  not  occur  to  mo  to  question  the  fact  that 
the  uric  acid  of  the  gouty  is  derived  from  the  albuminates ; 
but  the  ])roduction  of  that  amount  of  the  substance  with 
which  we  have  to  deal  in  gout — a  contents  of  0*05  per 
thousand,  of  the  scrum  is  high — docs  not  in  truth  demand  a 
very  large  supply.  This  is  not  the  real  difficulty  ;  but  the 
crucial  question  is — How  does  it  happen  that  in  the  gouty 
the  uric  acid  and  urea  are  not  produced  from  the  albumi- 
nates iu  the  same  quantitative  proportions  as  in  health  7  To 
this  question  we  are  at  present  unable  to  give  anything 
approacliiug  a  satisfactory  answer ;  for  the  want  of  exercise 
and  the  reduced  supply  of  oxygen  depending  upon  it  are  mere 
arbitrary  assumptions,  the  unsubstantial  character  of  which 
I  have  jnst  attempted  to  show.  Taking  everything  into 
account,  I  hold  it  to  be  not  certainly  made  out  that  the  ex- 
cessive supply  of  albuminates  has  any  essential  influence  on 
the  production  of  uric  acid  :  the  most  I  can  concede  is  that 
in  the  gouty  much  uric  acid  is  produced  in  consequence  of 
this  mode  of  diet ;  a  non-gouty  person  would  produce  a  large 
amount  ol  urea  if  his  manner  of  living  were  the  same. 

But  even  were  we  acquainted  with  the  origin  of  uric 
acid  iu  the  gouty,  we  should  not  have  gained  much.  For 
we  should  still  have  to  explain  why  this  uric  acid  is  not  ex- 
creted iu  a  normal  manner  by  the  kidneys  instead  of  into  other 
localities,  namely  the  joints.  Bearing  in  mind  the  continuously 
increased  excretion  of  uric  add  in  the  leukmmic,  it  cannot 
be  asserted  that  the  kidneys  are  unable  to  excrete  more  than 
a  certain  amount  of  this  substance;  moreover,  the  depositioa 
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of  urates  in  the  joints  occurs  only  temporarily^  during  the 
paroxysms,  so  long  as  the  typical  character  and  course  of 
the  affection  are  adhered  to.  Grarrodj*  whose  investigations 
into  gout  may  still  be  regarded  as  the  most  thorough  and 
careful  that  have  yet  been  made,  was  induced  by  this  very 
fact  to  attribute  the  paroxysms  to  derangements  of  the  renal 
function.  In  this  view  he  was  greatly  strengthened  by  the 
evidence  first  brought  forward  by  himself,  and  since  then 
often  confirmed,  that  just  before,  and  certainly  during,  the 
attack  the  aric  acid  contents  of  the  urine  are  abnormally 
tmall,  being  reduced  even  to  less  than  half  the  usual  amount. 
The  quantity  of  urine  secreted,  the  amount  of  urea,  of  alkaliea 
and  of  alkaline  earths  as  well  as  of  phosphoric  acid  are  also 
reduced,  at  least  during  the  first  few  days  of  the  paroxysm, 
as  has  repeatedly  been  determined  by  careful  observers.  Still 
any  one  who  has  seen  an  unfortunate  patient  in  the  first  few 
days  of  the  attack,  during  which  the  suffering  is  most  acute^ 
will  not  be  greatly  surprised  at  bis  secreting  urine  which  ia 
poorer  in  urea  and  salts  than  that  of  a  healthy  person  ;  nor 
is  there,  in  my  opinion,  the  least  ground  for  believing  that 
the  falling  off  in  uric  acid  is  due  to  a  disturbance  of  the 
secretory  activity  of  the  kidney.  For  that  the  kidneys  are 
invariably  and  from  the  start  diseased  in  the  gouty  is  a  per- 
fectly arbitrary  assumption  ;  on  the  contrary,  the  urine  con- 
tinues to  be  for  years  absolutely  normal  in  the  intervals  be- 
tween the  attacks.  How  if  the  reverse  were  true, — that  so 
little  uric  acid  is  excreted  by  the  kidneys  because  a  certain 
quantity  has  been  deposited  in  one  or  other  of  the  joints  f 
Our  main  difficulty  in  arriving  at  a  decision  has  always  been 
the  complete  dearth  of  quantitative  evidence.  How  quick 
has  been  the  disposition  to  rely  on  the  fact  that  ligature  of 
the  ureters  in  birds  and  snakes  is  rapidly  followed  by  an 
abundant  deposition  of  urates  in  the  body  It  Yet,  to  say  no- 
thingof  the  circumstance  that  these  deposits  are  far  from  being 
confined  exclusively  to  the  joints,  but  occur  just  as  early 
and  abundantly  in  the  serous  membranes,  the  lungs,  and 

*  Garrod,  'The  Nature  and  Treatment  of  Gout  and  Rheumatic  Gout/ 
London,  1859.     Trans,  by  Eisenmann,  Wurzburg,  1861,  ppi,  *■••-  aift. 

t  Zaleaky,  '  Untenochungen  uber  d.  umm.  Ptmcm  % 

d«rNi«ten,'  TohiDgwi,  1865. 
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some  other  loc^litieSj  which  never  become  the  seat  of  gouty 
deposits  ia  maHj — independently  of  this,  I  savj  uric  acid  takei 
the  placej  in  the  classes  of  animals  just  named]  of  the  urea  in 
mammals,  and  it  need  excite  no  surprise  that  when  its  excre- 
tion is  prevented  it  should  accnmulat-e  to  such  an  extent  in 
the  body  that  the  8aU>  which  is  with  difficulty  soluble^  can 
no  longer  be  kept  in  solution  by  the  juices.  A  mammal,  on 
the  other  hand>  after  ligature  of  the  ureters,  never  exhibits 
a  deposit  of  urates  in  any  locality,  even  when  it  survives  the 
operation  for  five  or  six  days  or  more,  and  whether  it  is  pos- 
sible for  a  gouty  person,  as  the  result  of  a  diminution  in  the 
excretion  of  uric  acid  extending  over  some  day s^  to  accumu- 
late such  a  quantity  of  urates  in  ihe  blood  or  the  juices  of  the 
parenchyma  that  the  latter  are  unable  to  keep  them  in  solu- 
tion is  accordingly  more  than  doubtful. 

An  hypothesis,  which  whs  also  formulated  by  Garrod,  and 
has  receuily  been  more  thoroughly  worked  out  by  Senator,* 
Appears  to  me  to  be  more  plausiblej  and  is  at  any  rate  worth, 
noticing.  According  to  it,  the  precipitation  is  not  duo  to 
ftn  excessive  accumulation  of  uric  acid  in  the  blood,  but  to 
a  d€crea»o  in  the  power,  possessed  by  the  blood  and  lymph, 
oj  keeping  U  in  tfolution.  Senator  reminds  us  that  the  urine 
very  frequently  throws  down  a  sediment  of  urates,  without 
any  increase  of  its  uric  acid  contents,  when  its  acid  reaction 
is  unusually  stron^r*  and  ho  thinks  that^  owing  to  some 
digei^tive  disturbance  or  other,  organic  ncids^  such  an  lactic 
and  volatile  fatty  acids,  arise,  which,  on  passing  into  tlio 
blood,  may  reduce  its  alkalinity.  That  in  gout  the  blood  and 
lymph  are  less  alkaline  than  in  health  has  not,  it  is  true, 
been  so  far  determined  ;  still  there  can  be  no  mistake  as  U> 
the  striking  utility  of  the  regular  use  of  alkaline  waters,  espe- 
cially those  of  Karlsbad,  in  most  cases  of  gout,  which  would 
favour  the  above  hyj>othesi8 ;  and  the  conspicuous  muscular 
feebleness,  of  which  the  gouty  complain  during  the  pHroxysm/i 
at  any  rate  does  not  tell  against  it.  But  why  the  deposition 
_of  the  urates  should  take  place  precisely  in  the  joints,  and 

lould  disphiy  such  an  extraordinar}'  preference  for  thewe/a- 
tarsO'phalanyeal  joint  of  the  great  toe,  this  we  must  honestly 
confess  is   beyond   our   comprehension.     We   are   ignorant 

*  G«rrod,  loc.  cU.,  315  ;  SeniOitr,  tu  ZieuuMu'i  *  HAndbVxIiii  AbtheJlg.  i. 
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whether  cartilaginous  tissue  is  related  in  any  way  to  the  pro- 
duction of  uric  acid  or  whether  it  possesses  the  power  of 
attracting  the  urates ;  and  while  Hueter*  lays  stress  on  the 
fact  that  this  same  joint  is  also  frequently  attacked  in  simple 
panarthritis,  this  tends  the  loss  to  tlirow  light  on  the  suh- 
ject  of  podagra,  as  there  are  numbers  of  gouty  persons  who 
for  many  years  pass  through  their  regular  attack  in  tho  spring", 
but  whose  joints  are  perfectly  sound  and  normal.  Instead 
of  being  satisGed  with  this  and  similar  mere  phraseolog}',  we 
shall  do  better,  I  think,  to  confess  openly  that  not  the  least 
difficult  problem  in  this  enigmatical  disease  is  the  question 
of  its  localisation. 

Wliile  we  shall  pass  over  the  remaiuing  specific  urinary 
constituents  which  are  counted  among  the  final  priHlncta 
of  the  metamorphosis  of  the  albuminates,  we  may  spend  a 
moment  in  considering  the  piffvietiia  of  the  urine.  Sinco,  so 
far  as  we  know,  the  kidneys  have  no  share  in  the  production 
of  urinary  pigments,  their  excretion  is  altogether  depeudentj 
qualitatively  and  quantitatively,  on  the  constitntiou  of  the 
blood  supplied  to  these  organs,  i.  e,  on  the  nature  and  amount 
of  pigment  contained  in  the  blood.  The  chief  pigment  of 
normal  urine,  Jaffe's  urobilin,t  is,  as  shown  by  Hoppe-Seyler,J 
in  the  last  instance  a  derivative  of  the  colouring-matter  of 
the  blood,  and  the  amount  of  urobilin  excreted  in  a  certain 
period  is  therefore  determined  by  the  quantity  of  red  blood- 
corpusclea  disintegrating  during  the  same  intcrvah  This  is 
the  explanation  of  the  fact  that  the  urine  in  pyrexia  is  not 
only,  as  wo  have  seen,  rich  in  potash  salt-s,  but  abounds  in 
pigment ;  a  condition  which  must  not  be  confounded  with  tho 
bright  red  colour  of  this  urine.  For  the  red  colour  implies 
dimply  that  in  that  particular  portion  a  rdativeli/hxr^e  quantity 
of  pigment  is  contained,  but  does  not  give  any  grounds  for 
concluding  as  to  the  aW2u^«  quantity  excreted  in  twenty-four 
hoars  ;  in  fever  tho  urine  must  be  bright  rod  because  it  19 
scanty,  and  in  polyuria  the  urine  is  always  pale.  But  it  is 
not  only  the  normal  urinary  pigments,  but  the  pathological 

•  HnM«r,  *Klimk  d.  GelenVkrafikheit*!)/  1871,  p.  348. 

t  JaS6,  '  Med.  Ccntmlbl.;  1868,  p.  241  i  •  Vlrvh.  A./  xlrii.  p.  405. 

X  Uppji«>S«jUr, '  Ii«r.  dcr  doutKch.  cb»tu.  Gca«U»ch„*  vii,  p.  1065. 


mDTCAN.      SUQAB, 


1123 


also,  that  are  conveyed  to  the  kidneys  with  the  arterial  blood, 
althongh  we  are  not  always  able  to  CLTtainly  state  their  boufcg. 
The  ongin  of  two  brown  or  red  pigments,  which  Baumstark* 
prepared  from  the  deep  brown  urine  of  a  leper^  should  bo  re- 
ferred, according  to  him,  to  a  diseased  condition  of  the  spleen. 
If  J  further,  the  urine  of  persons  having  melanotic  tumours  not 
uncommonly  contains  a  pecoliar  chromogen,  which  lends  the 
urine  an  intensely  dark  hue  on  oxidation,  by  ezposnre  to  the 
air,  after  treatment  with  chromic  acid,  &c.,  it  is  natural  to 
suppose  that  this  chromogen  is  derived  from  the  melanoses. 
As  regards  indiran,  I  formerly  stated  (vol.  iii,  p.  977)  that 
the  amount  contained  in  the  urino  is  larger,  the  more  the 
indol  produced  by  intestinal  putrefaction  becomes  absorbed, 
and  that  it  consequently  is  present  in  lar^e  amount  more  espe- 
cially in  intestiual  stenoses  involving  the  ileum.  But  though 
the  mode  of  origin  of  the  indican  is  here  apparent  enough, 
this  cannot  be  asserted  of  many  other  cases  in  which  the  urine 
19  rich  in  this  body.f  In  some  cases  of  diffuse  peritonitis  with- 
out intestiual  obstruction,  Jaffe  J  found  an  enormous  amouut  of 
indican  in  the  urine  ;  Senator^  found  an  increased  iuiiican  ex- 
cretion, more  or  less  great,  in  very  different  diseases  ;  above 
all  in  chronic  wasting  and  consumptive  diseases,  more  espe- 
cially in  cancer  of  the  stomach, in  advanced  pulmonary  phthisis 
and  tabes  mesenterica  of  children,  in  morbus  Addisonii,  in 
lymphosarcomatosis,  &c.  But  the  circumstances  which  in 
these  diseases  give  the  blood  its  richness  in  indican,  elude,  as 
has  been  said,  all  explanation. 

The  excretion  of  sugar  with  the  urino  was  thoroughly  dis- 
cussed in  connection  with  the  pathology  of  the  liver  and  Jia- 
heUiB,  so  that  I  need  hai-dly  repeat  that  it  depends  only  aud 
solely  on  the  sagar-contents  of  the  blood.     Because  normal 

•  Bivumstark, '  Pflug.  A.,*  Ix,  p.  568. 

t  Eiaelt,  '  Pra^r  Vierteljahrachr.,'  Bd-  Ixx  luid  Ixxvi ;  Pribrani.  ibid., 
Ixxiriii,  p.  16  ;  Gaoghofer  und  Pribram,  ibid..  c«x,  p.  77. 

X  3nff6,  »  Viivh.  A.;  Ixx,  p.  73. 

§  S«Dfttor,  *Med.  Centrlbl./  1877.  Nos.  30»  ai,  33.  Cf.  abo  Ileanif^e 
(*  L).  A.  f.  klin.  Med./  xxiii,  p.  371),  who  obBerved  the  incroa»<'  of  the  iiidiean 
Gontcntfi  of  the  urine  cbivflj*  in  general  disturbances  uf  nutriliun,  depending 
cm  di««u«  of  the  digestive  canal;  further,  Heimnnann  ("Arch,  of  Meil.,' 
i88o»  Aap.),  vho  found  the  givatcst  iDcrt*a»<j  in  uiuliguant  tuuiuuiv  uf  tha 
abduueo. 
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blood  contains  only  a  very  trifling  amonntof  sngar  there  is  veiy 
little  present  in  normal  nrine,  and  since  in  healthy  individoalB 
the  sngar-contents  of  the  blood  is  not  increased  by  the  con- 
sumption of  carbohydrates,  the  amount  of  sugar  in  the  urine 
is  also  not  angmented.  Any  one,  however,  in  whom  the  blood 
becomes  glycsemic,  either  constantly  or  after  the  consumption 
of  carbohydrates,  at  once  begins  to  pass  urine  containing  sugar, 
and  consequently  becomes  diabetic.  On  the  same  occasion 
we  discDssed  the  very  different  circumstances  under  which 
a  transitory  glycasmia  and  glycosuria  may  arise.  It  will  there- 
fore be  sufficient  to  point  out  here  that,  while  in  ordinary 
glycasmia  and  glycosuria  we  have  always  to  deal  with  grape- 
sugar,  other  kinds  which  are  not  altered  in  the  blood  may 
pass  over  into  the  urine.  The  inoitite  which  is  excreted  with 
the  urine  is  also  conveyed  to  the  kidneys  by  the  blood,  and 
the  sugar  appearing  in  the  urine  of  r3ring-in  women  in  conse- 
quence of  the  retention  of  the  lacteal  secretion  has  been  shown 
by  Hofmeister*  to  be  sugar  of  milk. 

Still  more  striking,  if  possible,  than  in  the  case  of  the  sub- 
stances alrendy  discussed  is  the  influence  of  the  constitution 
of  the  blood  on  the  urine  'with  regard  to  those  hodies  ichich  are 
not  usually  contained  in  it.  If,  as  is  well  known^  innumer- 
able substances  which  have  somehow  entered  the  organism  are 
excreted  with  the  urine,  this  evidently  implies  simply  that 
owing  to  the  altered  composition  of  tbo  blood  the  composition 
of  the  urine  is  also  altered.  You  will  not  expect  me  to  enu- 
merate all  the  organic  and  inorganic  substances  which  reach 
the  urine  in  this  way,  and  are  there  occasionally  detected, 
more  especially  as  most  of  those  substances  which  are  intro- 
duced from  without  and  enter  the  urine  have  no  essential 
pathological  interest.  True,  the  attention  of  pathologists  has 
long  been  excited  by  the  fact  that,  in  spite  of  the  healthiness 
of  the  kidneys,  heterogeneous  constituents  may  appear  in  the 
urine,  which  are  undoubtedly  products  of  the  organism  itself. 
Besides  the  sugar  just  mentioned,  I  refer  chiefly  to  the  con" 
stituents  of  the  bile.  That  bile-pigments  and  bile-acids  may 
appear  in  the  urine  when  the  bile  is  kept  from  entering  the 
intestine,  and  is  afterwards  absorbed,  has  been  dwelt  on  with 
sufficient  minuteness  when  dealing  with  the  pathology  of 
*  Hofmeister, '  Zeitschrift  f.  phjriol.  Chemie/  i,  p.  loi. 
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iei€nu  ;  and  on  a  previous  occasion  (vol.  i,  p.  476)  I  informod 
yoa  that  if  small  amounts  of  freeliaamoglobin  circnlatein  the 
blood  thoy  may  he  converted  under  cortftin  circumstances  into 
bile-pigment, and  in  this  form  be  excreted  with  the  urine.  But 
even  albuminous  bodies  may  appear  in  the  urine  secreted  by 
perfectly  healthy  kidneys,  simply  when  and  because  they  are 
contained  in  the  blood.  This  is,  perhaps,  less  remarkable 
with  regard  to  peptone,  whicli,  in  fact,  if  directly  injected 
into  the  blood  or  subcutaneous  cellular  tissue,  at  once  makes 
its  appearance  iu  the  urine.  And  since,  as  I  formerly  men- 
tioned (vol.  i,  p.  328),  peptone  Las  been  repeatedly  detected 
in  pus  and  in  the  products  of  fibrinous  inflammation,  it  is  not 
surprising  that  Hofmeiater''*'  and  his  pupils  were  able  to  dis- 
cover it  in  the  urine  of  patients  during  the  absorption  of 
pneumonic  and  pleuritic  exudations,  in  purulent  efFusioua,  in 
rheumatism  of  the  joints,  Jbc.  Certain  albuminous  bodies 
coagulable  by  heat  may  also  pass  directly  from  the  blood  into 
the  urine.  Thus  it  has  long  been  known  that  dissolved  egg- 
albumen  gives  rise  to  albnminuria  when  injected  directly  into 
a  vein  or  beneath  the  skin,  and  that  the  albuminuria  lasts  at 
least  till  all  the  egg-albumen  has  been  removed  from  tho 
body.t  Similarly,  BunebergJ  found  that  the  albuminous  sub- 
stance, which  he  procured  by  precipitating  caseine  with  aoetio 
acid^  and  then  dissolving  in  water  containing  some  soda, 
had  passed  in  about  an  hour  after  being  introdnced  into  the 
veins  into  the  urine.  Whether,  as  Runeberg  believes,  the 
passage  into  the  nrine  of  tho  nlbaminons  bodies  just  referred 
to  depends  on  their  ready  filtration  is  doubtful,  since  the 
differences  in  this  respect  between  tlie  various  albumens,  e.  g, 
egg-albumen  and  serum-albumen,  are  not  so  very  consider- 
able. Possibly  the  factors,  shortly  10  be  discussed,  by  which 
the  physiological  urine  is  kept  free  from  albumen  are  power- 

•  Hofmeistor,  'Zt^chr.  f  phjaiol.  Chemie,'  iv,  p.  253;  M&ixner,  'Med. 
Outrftlb..*  1879,  p.  593,  'Praj^r  Viert«lj»lu^Khrift,'  ciliii,  p.  78,  1879; 
JftckBcb. '  Frap.  med.  Wochenach.,'  1881,  Noi.  7  to  9. 

-f  Stokrin,  *  It^cherclien  exp^r.  stir  1.  conditionn  pathologiquea  de  Talbu- 
minurie/  BruxoUe«,  1867,  also  *Joum.  de  mt'd.  da  Bruxollw/ vol.  xIt; 
Lehiuann,  *  Virch.  A./  xxx.  p.  593  ;  A.  Kuifon,  '  Ueber  d.  Veranderunpen 
xQ  d.  Nieren  a.  d.  Hams«4:r«tion  nacb Injectionen  von  H6hnereiveiM/I.-D., 
ATiut«nIain.  1880. 

1  Kan«kergi  *  D.  A.  f.  klin.  Med./  xxiii*  p.  41,  29$. 
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less  when  opposed  to  those  peculiar  albaminooB  bodies^  or  it 
is  possible  that  the  presence  of  the  latter  in  the  blood  is 
itself  sufficient  to  render  the  factors  ineffectual ;  but  however 
this  may  be,  the  fact  remains  that  those  albumens  easily  and 
rapidly  pass  from  the  circulating  blood  to  the  urine.  While 
in  this  instance  we  have  to  deal  with  materials  which  do  not, 
in  the  natural  course  of  things^  occur  in  the  human  organism, 
there  exists  another  substance,  which,  though  very  different 
in  other  respects,  shares  with  them  the  power  of  passing  into 
the  urine,  and  is  found  in  large  quantities  in  the  body.  I 
mean  hsemoglohin.  In  fact,  hasmoglobinuria  forms  an  equally 
Striking  and  important  symptom  in  various  pathological  con- 
ditions. It  is  obvious  that  an  appearance  so  conspicuous  as 
the  dark-  to  black-red  colour  of  the  urine  could  not  escape  the 
observation  of  the  older  physicians  also  ;  yet  such  cases  were 
long  confounded  with  those  in  which  blood  is  mingled  with 
the  urine.  But  though  the  power  to  distinguish  haemoglo- 
binuria  from  hsematuria,  i.  e.  the  admixture  of  blood-cor- 
puscles with  the  urine,  is  an  acquisition  of  the  last  decade, 
we  have  already  become  acquainted  with  an  entire  series  of 
pathological  processes  in  which  hadmoglobinuria  forms  a  con- 
stant symptom.  The  elucidation  of  this  question  in  so  com- 
paratively short  a  time  is  due  solely  to  pathological  experi- 
ment, which  may  indeed  be  said  to  have  formed  the  starting- 
point  of  our  knowledge  of  this  subject.  By  experiment  it 
was  discovered  that  when  a  moderate  quantity  of  haamoglobin 
is  set  free  in  the  blood-serum,  haemoglobinuria  follows.  This 
certainly  occurs  when  a  considerable  number  of  blood-cor- 
puscles are  dissolved  in  a  short  time ;  indeed,  their  solution 
is  not  necessary ;  the  separation  of  the  haemoglobin  from 
the  stroma  of  the  corpuscles  suffices.  This  may  be  brought 
about  in  various  ways,  6.  g,  by  the  introduction  of  large  quan- 
tities of  distilled  water  or  of  salt  solution  of  such  percentage 
contents  as  is  not  indifferent  for  the  blood-corpuscles  of  the 
species  of  animal  concerned ;  further,  by  the  injection  of 
cholatea  into  the  blood,  or  of  diluted  glycerine  beneath  the 
skin,  &c.  After  any  of  these  procedures  the  urine  becomes 
more  or  less  deep  red,  and  shows  in  the  spectroscope  the 
hands  of  oxyhsemoglohin,  though  it  contains  no  hlood-corpusdesn 
When,  further,  this  condition  of  the  urine  had  been  occamon- 


HJEMOGLOBIinTBU. 


ally  observed  in  baman  pathology  also^  as  after  poisoning  with 
arseniurettcd  hydrogen*  B,Tid  with  hydrochloric  actdji  it  began 
to  be  noticed  moro  frequently,  as  I  formerly  stated  (vol.  i, 
p.  439),  at  the  time  when  transfusions  of  lamhs^  blood  were 
nndertaken.  It  is  also  a  very  common  symptom  in  extensive 
burnsj  which  do  not  prove  rapidly  fatal ;  and  recently  hasmo- 
globinnria  baa  been  described  byMarchandJ  as  the  effect  of 
poisoning  by  chlorates;  by  Neissor  after  poisoning  by  pyro- 
gallic  acid^  applied  externally,  as  well  as  by  naphthol  ;||  by 
Bostrom  in  consequence  of  poisoning  by  mushroams.%  All  the 
instances  last  mentioned  in  which  urine  containing  hemo- 
globin is  observed  at  the  bedside,  though  very  different  in 
character,  agree  in  this^  that  considerable  quantities  of  ha}mo- 
globin  are  set  free  in  a  short  time.  The  poisons  just  named, 
if  present  in  certain  concentration,  have  the  effect  of  dis- 
solving and  disintegrating  the  red  blood-corpuscles  ;  and  yon 
also  know  that  the  blood-corpuscles  of  one  species  are,  as  a 
rule,  rapidly  destroyed  in  the  bluod  of  another,  while,  as  re- 
gards bums,  the  excessive  heat  applied  to  the  injured  por- 
tions of  the  skin  during  the  infliction  of  the  burns  exerts  a 
destrnctive  effect  on  the  blood-corpuscles  which  are  mean- 
while passing  through  the  vessels  of  these  partu.^'*''  Hence  the 
condition  of  the  urine,  which  is  almost  always  scanty,  is  very 
similar  in  all  these  cases.  In  mild  cases  the  urine  acquires 
a  more  or  less  deep  red  colour  through  the  dissolved  biemo- 
globin,  while  formed  elements  may  be  quite  absent  from  it ; 
in  more  severe  ones  the  process  is  not  thus  restricted,  for  the 
urine  deposits  a  brown-red  sediment  that  contains,  besides 
all  sorts  of  molecular  detritus,  highly  peculiur  formed  consii' 
tuenis.  At  first  sight  these  remind  one,  in  colour  and  form, 
of  clamps  of  red  blood-corpuscles,  but  only  when  hastily  looked 
at.  For  not  only  is  the  colour  of  the  structures  contained 
in  the  sediment  a  more  intense  yellow,  and  their  resistance 

•  Wdchtcr,  *  Vierteljfthrwchr.  f.  gerichtL  Hed./  Bd.  xxviii. 
t  NauDfn,  •  A.  f.  Anat.  und  PhyBiol./  i868,  p.  401. 
X  MATchand,  *  Vireh.  A.,'  lixvii,  p.  455. 
§  Neiasor,  •  Zeit*chr.  f.  klin.  Med.,'  i,  Heft  i. 
lltNoiBMr, '  Mod.  Ctntrelhl.,'  i88t»  p.  S45- 

%  lV*tr6m, '  Sitzung)»b.  der  ErlnDg.  phjrs.-med.  Gesellsch..'  June  14. 1880. 
**  Cf.  V.  Lew(?r,  '  Vlirh.  A..*  Ixxix,  p.  348,  oootaina  refanm43e«  to  th« 
lit^ntitr^. 
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to  reagents  greater^  than  that  of  true  red  blood-corpnscles, 
but  one  quickly  perceives  that  what  at  first  appeared  to  be 
blood-discs  are  really  globular  drops  of  very  unequal  size, 
which  are  here  and  there  arranged  like  strings  of  pearls 
and  are  often  confluent  with  one  another.  These  remarkable 
structures,  compared  by  some  to  drops  of  gum,  most  closely 
resemble,  I  think,  in  their  whole  configuration  the  so-called 
myelin-drops,  which  are  so  prone  to  form  from  the  medullary 
sheath  during  the  preparation  of  nerves ;  they  are  not  merely 
met  with  in  the  urine,  bat  in  fatal  cases  are  usually  present 
in  the  kidneys,  where  a  much  better  opportunity  of  studying 
them  is  afforded.  Here  they  are  most  abundant  in  the  in* 
terior  of  the  straight  urinary  tubules,  but  are  also  found,  at 
least  when  the  hasmoglobinuria  has  continued  active  till  death^ 
in  the  convoluted  tubules  and  interior  of  Bowman's  capsules,* 
and  it  is  the  presence  of  these  coloured  masses  that  chiefly 
gives  the  kidney  that  dark  brown-red  hue  which  was  regarded 
by  older  observers  as  simply  the  expression  of  marked  hyper- 
eemia.  These  kidneys  are  usually  hyperremic,  it  is  true,  bat 
the  really  characteristic  feature,  the  dark  hrotvn  radiating 
markings,  corresponding  in  direction  to  the  straight  tubules, 
have  nothing  to  do  with  over-fulness  of  the  vessels.  Now, 
the  meaning  of  these  yellowish-red  masses  I  need  not  explain 
to  you  ;  they  consist  of  nothing  hut  haemoglobin.  Whether  the 
appearance  is  due  to  a  precipitation  of  the  haemoglobin  after 
it  has  entered  the  tubules  in  solution,  or  whether  the  passage 
of  the  hsemoglobin  into  the  lumen  of  the  latter  takes  place  in 
the  characteristic  form  of  drops,  we  are  so  far  ignorant ;  but 
at  any  rate  it  indicates  that  a  large  quantity  of  blood-pigment 
is  excreted  with  the  urine.  This  alone  suffices  to  explain 
why  it  is  that  cases  in  which  the  excretion  of  haemoglobin 
takes  place  in  somewhat  consistent  masses  always  run  a  severe 
course,  and  it  consequently  appears  to  me  to  be  doubtful 
whether  the  plugging  of  the  uriniferous  tubules  by  the  haemo- 
globin is  really  so  important  as  Ponfick  and  others  are  in- 
clined to  assume.  For  while  it  is  quite  true  that  the  confluent 
and  compressed  haemoglobin-drops  may  block  the  tubules 
just  as  do  casts^  it  is  hard  to  see  why  they  should  not  be 

*  H.  Bridget  AcUms,  '  H&moglobiaaancheidang  in  d.  Niere/  I.-D., 
Leiptig,  x88o. 
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washed  away  with  the  urine,  jast  as  happens  with  ordinary 
albuminous  cast*.  That  this  way  occur  is  proved,  moreover, 
by  an  cxaioination  of  tlie  urine  passed  ;  and  if,  whi»n  the 
affection  has  progressed,  haDmoglobiu  casts  oeaae  to  be  washed 
away  gnh  finem  vitfv,  tliis  in  all  likelihood  is  due  mainly 
to  the  very  comprehonsiblo  fact  that  the  urinary  secretion  of 
the  individual,  seriously  diseased  as  he  is,  gradually  ceases  as 
death  approaches. 

If,  accordingly,  under  these  various  circumstances,  the 
ha>moglobinuriaia  not  a  symptom  or  effect  of  renal  disease,  but 
the  result  of  a  profound  blood-change,  it  is  natural  to  assume 
a  hke  alteration  in  those  cases  also  where  marktd  hnimotjlo* 
hinuria  appears  in  a  measure  9po7iianeoiisly,  or  at  any  r&to  in 
the  absence  of  any  uf  the  above-named  or  similar  causes. 
This  remarkable  symptom  has  often  been  seen  in  the  course 
of  severe  general  affections  accompanied  by  p^Texia;  thus 
Immermanu  has  ob^served  it  in  typhoid  and  Heubner  in 
scarlet  fever  ;*  and  for  these  cases  precisely  we  need  hardly 
hesitate  to  assume  that,  under  the  influence  of  the  disease,  a 
great  destruction  of  red  blood- corpuscles  has  occurred  in  a 
abort  time, — that,  if  you  will,  a  true  hlood-dU.folHtion  has  taken 
place.  This  is,  certainly,  in  these  diseases  a  rare  event,  yet 
the  unusual  feature  is  simply  the  rapid  and  tjreat  destruc- 
tion uf  the  blood-corpuscles,  for  no  one  doubts  that,  in  the 
pyrexia!  infective  diseases,  conditions  aro  presented  which  ab- 
normally increase  more  or  less  the  disintegration  of  blood-cor- 
puscles. Evidence  of  this  is  a^orded  oven  in  cases  of  slight 
or  moderate  intensity  by  the  increase  of  the  urinary  pigment 
and  salts  of  potash  ;  and  when,  during  the  course  of  the  more 
severe  cases,  au  icteric  hue  of  the  skin  and  urine  is  not  un- 
commonly noticed,  this  is  but  an  indication  that  the  destruo- 
tion  of  the  blood-corpuscles  has  undergone  a  considerable  in- 
crease. Nevertheless,  it  remains  within  such  bounds  that 
it  is  still  possible  for  the  organism  to  secure  the  conversion 
of  the  free  blood-pigment  into  bile-pigment — a  task  to  which 
it  ceases  to  be  equal,  only  when  the  amount  of  hmmoglobin 
entering  the  blood-serum  in  a  shurt  time  is  too  great. 

It  is  otherwise,  however,  with  the  periodic  cU  or  paroxysmal 

*  Imm^rmaLnn, '  D.  A.  f.  Uia.  Mod./  zu,  p.  503  ;  Haobnaft  ibid.,  xxili, 
p.  aSS. 
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hmmoglohinuria,  which  has  recently  given  rise  to  so  much  dis* 
cussion.*  For  here  we  have  to  deal  with  individuals  who 
appear  to  be  perfectly  healthy,  and  in  whom  the  sole  irregu- 
larity is  the  appearance  of  short  attacks  of  hemoglobinuria. 
In  the  milder  degrees  the  patients  complain  only  of  a  cer- 
tain chilliness,  and  their  well-being  is  not  essentially  dis- 
turbed ;  the  more  severe  attacks,  on  the  contrary,  are  ushered 
in  by  intense  rigors,  lasting  half  an  hoar  or  more,  which  are 
followed  by  heat  and  sweating,  and  during  this  time  and 
Bubseqnently  the  patients  feel  shattered,  extremely  languid, 
and  depressed.  But  the  characteristic  symptom  is  the  pas- 
sage after  the  rigors — during  them  the  urinary  secretion  is 
arrested— of  urine  which  is  a  d<irk  red  solutimi  of  hemoglobin. 
Each  following  portion  becomes  clearer,  and  usually  during  the 
next  twelve  to  twenty-four  hours  the  subjective  troubles,  and 
with  them  the  haemoglobin-contents  of  the  urine,  disappear. 
The  paroxysms  vary  not  only  in  violence  but  in  frequency. 
In  one  point,  however,  almost  all  observers  agree,  namely, 
that  the  individual  attacks  are  induced  by  lowering  of  the 
temperature  of  the  skin,  i.  e.  by  an  actual  chill.  The  affected 
individuals  are  usually  attacked  only  in  winter,  and  then  only 
on  leaving  their  warm  houses  ;  and  should  anyone  still  doubt 
this  connection  he  ought  to  be  convinced  by  Rosenbach'sf 
bold  experiment — remarkable  owing  to  its  positive  success— 
in  which  a  typical  attack  was  called  forth  in  a  patient  with 
paroxysmal  haarooglobinuria  by  means  of  a  cold  foot-bath. 
Paroxysmal  hasmoglobinuria  is  only  very  exceptionally  ob- 
served without  antecedent  reduction  of  the  temperature  of 
the  skin,  as  in  Fleischer's  case,t  where  a  strong  soldier  got 
dark  red  urine  after  every  somewhat  rapid  and  long  march. 
If  it  be  asked  how  this  periodical  ha^moglobinoria  should  be 
explained,  I  reply  that  here,  too,  renal  diecase  may,  I  think, 
for  convincing  reasons  be  excluded.  For  the  haemoglobin- 
contents  form  the  only  abnormality  of  this  urine ;  in  typical 
cases  the  urine  is  perfectly  clear,  without  any  pathological 
sediment  or  formed  elements,  nor  besides  haamoglobin  does 

*  Cf.  Lichtbeim, '  Volkm.  Vortr./Ko.  134,  contains  xiumerous  references 
to  the  literature  ;  A.  Marri, '  Delia  emoglobinaria  de  £reddo/  Bologna,  1880. 
t  Roeenbacfa,  *  Berl.  klin.  Wochenichr./  1880,  No.  10. 
%  Fleiicber,  *  Berl.  klin.  Wccbenscbr./  x88i,  No.  47. 
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it  contain  anything^  in  particular  any  sorum-albamen.  In  a 
case  examined  by  Rous  witli  reference  to  this  point  in  our 
laboratory,  there  was  iron  enough  present  to  admit  of  the 
entire  amount  of  albumen  being  calculated  as  hasmoglobin. 
But  if  in  isolated  cases  a  few  hyaline  or  brown  casts  have 
been  found  in  the  urine  passed  during  a  paroxysm^  this  does 
not  justify  the  assatnption  of  renal  disease,  since  the  caata 
may  equally  well  have  originated  frnra  the  hromoglobin  in  the 
tubuH  ariniferi ;  and  certainly  their  presence  cannot  weigh 
at  all  against  the  fact  that  in  the  vast  majority  of  all  cases 
the  vrine  is  perfectly  normal  in  thti  tJiiervalu  belttce)i  the 
attack/*,  both  immediately  before  and  after  the  paroxysms, 
We  are  accordingly  \ed  per  exclnttionem  to  the  hypothesis  that 
paroxysmal  IncmoglobiDuria  also  depends  on  a  rapid  destruc- 
tion of  largo  numbers  of  red  corpuscles  in  the  circulating  blood ; 
and  thin  probability  is  raised  to  a  certainty  by  tho  evidence 
obtained  by  Kuessner,*  who  prored  in  a  patient  so  affected 
that  ike  iterum  of  the  blood  obtained  during  the  paroxysina 
by  cupping  ia  ruby^red  in  colour,  while  in  the  intervals  it  la 
of  the  usual  bright  yellowish  hue.  Moreover,  tho  notorious 
and  unquestionable  connection  of  the  paroxysm  with  a  chill 
of  the  skin  snggests  the  idea  that  all  or  part  of  tho  blood- 
corpuscles  of  the  affected  individuals  are  abnormafly  seymtive 
to  moderate  degrcis  ufcold;  and  Ehrlicht  has  in  fact  succeeded 
in  proving  the  correctness  of  this  hypothesis  by  means  of  a 
simple  and  ingenious  device.  In  a  woman,  aged  twenty-seven, 
who  suffered  from  typical  hiemoglobinuria  ex  frigore,  and  in 
whom  a  specimen  of  blood  taken  in  the  usual  way  during  the 
paroxysm  showed  nothing  abnormal,  he  succeeded  in  demon- 
strating an  extensive  solution  of  the  red  blood-corpuscles  in 
a  drop  of  blood  obtained  from  the  finger  after  it  had  been 
bound  round  with  an  elastic  bandage,  and  placed  first  for  a 
quarter  of  an  hour  in  ice-cold  water  and  then  in  lukewarm 
water  for  an  equal  period  ;  while  in  healthy  individuals  there 
is  no  change  in  the  blood  as  the  result  of  this  procedure,  there 
were  here,  besides  many  perfectly  normal  red  corpuscles,  a 
very  large  number  of  poikilocytes  and  microcytes,  and  in  par- 
ticular a  multitude  of  atroxMita  undergoing  deeoloralion  or 

•  KaeMTier.  •  D.  : 
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already  completely  deprived  of  colour.  It  is  on  these  latt«r 
that  Erhlich  lays  chief  stress,  because  their  presence  is  calca- 
lated  to  explain  the  hsetnoglobin-contents  of  the  seram,  and 
hence  the  haemoglobinuria,  which,  on  the  other  hand,  is  very 
far  from  a  nsnal  accompaniment  of  the  micro-  and  poikilo- 
cytes  when  occarring  alone.  To  what  process  these  blood* 
corpuscles,  which  are  so  unduly  susceptible  to  cold,  owe  their 
origin,  is,  it  is  true,  quite  unknown  at  present. 

We  may  take  this  opportunity  of  pointing  out  in  passing 
that  the  symptom  of  haamoglobinuria  has  considerable  import- 
ance not  only  from  the  positive  bat  from  the  negative  side. 
For  if  haamoglobinuria  sets  in  regularly  when  a  large  number 
of  red  corpuscles  has  perished  in  a  short  time,  it  is  fair  to  con- 
clude from  its  absence  that  no  such  blood-dissolution  has  taken 
place.  From  this  point  of  view,  the  complete  dearth  ofhsemo~ 
globin  in  the  urine  of  icteric  neic-born  children  appears  to  me 
to  be  a  very  weighty  objection  to  the  opinion*  recently  ex- 
pressed that  icterus  neonatorum  is  caused  by  a  rapid  destruc- 
tion of  embryonic  blood-corpuscles  after  birth  ;  even  in  those 
most  severe  cases  which  prove  fatal  in  a  few  days  we  find,  as 
already  stated  (vol.  iii,  p.  910),  an  abundance  of  bilirubin,  bat 
no  haemoglobin  in  the  urine  and  kidneys. 

All  the  urinary  constituents  hitherto  discussed  are  soluble 
in  water  or  in  watery  liquids,  and  are  in  reality  conveyed  in 
solution  by  the  arteries  to  the  kidneys.  But  there  are  also 
found  in  the  urine  undissolved,  formed  constituents,  which 
may  be  very  considerable  in  amount,  especially  under  patho- 
logical conditions  ;  and  we  are  therefore  perfectly  justified 
in  asking  whether  the  constitution  of  the  blood  also  exerts 
an  influence  on  the  kind  and  number  of  formed  constituents 
in  the  urine.  A  question  such  as  this  may  even  now  appear 
onscientific  to  manv,  and  would  certainlv  have  been  held  to 
be  so  a  few  years  ago,  since  it  was  then  regarded  as  an  estab- 
lished dogma  that  soluble  substances  only  can  pass  into  the 
arine.  Now,  there  is  no  doubt,  it  is  true,  that  the  formed 
elements  of  normal  blood  are  unable  to  pass  the  physiological 
renal  filter,  so  that  the  presence  of  red  or  colourless  blood- 
corpuscles  in  the  urine  allows  ns  to  infer  the  certain  ex- 
*  Ponk,  *  B«T««  momelk  d«  mM.  ct  dc  cMr.**  i878>  pp.  3^,  439. 
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istence  of  a  disease  of  the  kidneys  or  of  the  urinary  pas- 
sages. Bat  what  applies  to  the  normal  corpuscular  elements 
of  blood  need  not  therefore  hold  good  of  abnormal  ones. 
As  a  matter  of  fact,  a  number  of  circumstances  have  lately 
been  made  known,  which  are  greatly  calculated  to  overthrow 
the  old  idea  as  to  the  absolute  reliability  of  the  renal  filter. 
In  some  experimental  investigations  carried  out  in  oar  in- 
stitute,  Hiitimeyer'^  and  also  Bridges  Adamsf  detected  beyond 
all  doubt  the  presence  of  milk-glohules  in  the  urine  of  dogs, 
into  whoso  veins  milk  obtained  fresh  from  the  cow  and  then 
dilated  was  introduced  ;  and  Wiener  J  observed  that  animals 
into  whose  blood  he  introduced  fiaid  fat,  either  directly  by  a 
vein  or  indirectly  from  the  peritoneum  or  a  pleural  cavity, 
regularly  excrete  drops  of  fat  with  the  urine ;  MaaSj§  also,  has 
had  precisely  similar  experiences  in  patients  who  as  the  result 
of  fracture  had  acquired  fatty  embolism  of  the  lungs.  Further, 
Grawitzjl  has  detected  the  passage  of  spores  of  the  hypkomy- 
cetm  into  the  urine  of  dogs  and  rabbits, .  into  whose  blood  he 
had  shortly  before  injected  them  in  suspension.  It  should 
be  clearly  understood  that  in  these  cases  the  urine  was  per* 
fectly  normal,  and  that  in  particular  it  contained  neither  al- 
bumen nor  corpuscles,  so  that  possible  damage  to  the  glome- 
ruli could  with  certainty  be  excluded  ;  rather  we  have  here 
to  do  with  a  true  renal  secretion  which,  so  far  as  we  can  per- 
ceive, is  in  no  respect  distinguishable  from  that  of  hsemo- 
globin  or  of  injected  albamen.  Moreover,  the  bacilli  of 
anthrax  are  so  constantly  found,  in  rabbits  and  guinea-pigs 
which  have  been  inoculated  with  blood  containing  the  virus, 
to  occupy  the  interior  of  Bowman's  capsules  and  the  lumen 
of  the  urinary  tubules  that  the  possibility  of  their  passage 
into  the  urine  is  beyond  all  question  ;  and  there  are  sufficient 
grounds  for  stating  the  same  of  other  varieties  of  schizomy- 
cetes,  especially  of  micrococci.  This  capacity  of  the  organ- 
ism to  rid  itself,  by  means  of  the  renal  secretion,  not  only 

•  Rutimeyer,  '  A.  f.  exper.  Path./  xiv,  p.  393, 

f  H.  Bridges  Adams,  '  Hamoglobinaosscheidang  in  d.  Niere,'  I.-D., 
Leipftig,  18S0. 

J  Wiener,  *  A.  f.  experim.  Pathol./  xi,  p.  375. 
§  Scriba,  *  D.  Zeitwihr.  f.  Chir./  xii,  p.  118. 
II  Orawitz, '  Yirch.  A./  Ixx,  p.  546. 
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of  dissolved  but  of  organised  poisons^  may  certainly  be  re- 
garded a  prwri  as  a  valuable  contrivance  of  nature ;  yet  we 
do  not  so  far  know  enough  of  the  quantitative  relations  of 
this  mode  of  excretion  to  allow  of  our  at  present  attributing 
any  great  practical  importance  to  it.  It  has,  moreover,  its 
dangers.  As  regards  the  tubercular  virus,  it  is  at  least  very 
probable  that  its  excretion  into  the  urinary  passages  may  be 
the  cause  of  tubercular  disease  of  the  nropoietic  system.**^ 
Tet  we  may  at  present  pass  over  such  considerations ;  the 
examples  adduced  are  sufficient  to  enable  us  to  answer  the 
question  above  raised  in  the  affirmative.  Not  only  the  dis- 
solved constituents  of  the  blood,  but  some  undissolved  onea 
also,  are  capable  of  excretion  by  the  kidneys,  and  these  make 
their  appearance  in  the  urine  secreted  by  healthy  kidneys 
when  and  because  they  are  contained  in  the  blood. 

*  Cohnbeim,  'Die  Tuberlnilose  tozq  Standpankt  der  Infectioiulehre»' 
a  Auflage,  Leipaig,  1881. 


CHAPTER  II. 

INFLUENCE   OP  THE   BLOOD-STHEAM   ON   THE   URINARY 
SKCBETION. 

Physiological  consider ations. — The  urine  in  general  rise  of  ar^ 
terial  pressure, — Hypertrophy  of  the  heart. — Increase  of 
pressure  in  the  glomeruli  dependent  on  local  conditions. — 
Diabetes  insipidus, — The  urine  in  general  fall  of  arterial 
pressure. — Interruptions  of  continuity  of  the  spinal  cord. 
— Cartliac  lesions. — Fall  of  pressure  in  the  glomeruli  de- 
pendent on  local  conditions. — Sclerosis  of  the  renal  arteries. 
— Lead  colic. — Eclampsia  parturientium. 

Impediments  to  the  efflux  of  venous  blood. — Thrombosis 
of  the  renal  vein. — Cyanotic  induration  of  the  kidneys. — 
The  urine  in  mechanical  hypersemia  of  the  kidneys. — Saj- 
periments. — Ligature  of  the  v.  renalis. — Narrowing  of  the 
v.renalis. — Explanation  of  the  experimental  results. — The 
albumen  and  blood-corpuscles  of  the  urine  in  mechanical 
hypersemia  of  the  kidneys. — Albuminuria  of  healthy  indi- 
viduals. — Importance  of  the  epithelium  of  the  glomeruli  as 
regards  albuminuria. — Sensitiveness  of  this  epithelium  to 
circulatory  disturbances. — Hyaline  casts. 

ScARCKLT  less  important  than  the  constitution  of  the  bloody 
as  regards  the  urinary  secretion,  is  the  manner  in  which 
the  blood  flows  through  the  vessels  of  the  kidneys,  t.  e.  the 
pressure  and  velocity  of  the  renal  blood'Stream,  What  physio- 
logy teaches  with  reference  to  this  relationship  of  dependence^ 
you  know.  The  fundamental  investigations  of  Lndwig  and 
his  pupils  have  shown,  in  the  first  place,  that  the  quantity  of 
urine  secreted  keeps  pace  with  the  height  of  the  arterial  blood- 
pressure,  increasing  with  its  rise  and  diminishing  with  its  fall. 
And,  in  the  second  place,  it  has  been  proved  by  the  same 
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researches  that  the  amoant  of  urea  excreted  is  similarly  al- 
tered in  correspondence  with  the  arterial  blood-pressure.    The 
excretion  of  urea  does  not,  however,  varj  exactly  with  the 
excretion  of  water.     On  a  rise  of  blood-pressure,  the  quan- 
tity of  urine  undergoes  a  greater  increase  than  does  the  ex- 
cretion of  urea,  so  that  the  percentage  of  urea  in  the  urine 
is  less  than  before ;  and  on  a  fall  of  blood-pressure  the  rate 
of  excretion  of  the  water  becomes  less  than  that  of  the  urea, 
so  that  the  percentage  contents  of  urea  are  larger,  and  the 
urine  becomes  more  concentrated.      Only  in  the  case  of  very 
concentrated  urine,  containing  8  to  13  per  cent,  of  urea,  was 
an  exception  discovered  to  this  law ;  here,  with  the  fall  of 
pressure,  the  rate  of  secretion  of  the  urea  decreased  more 
than  that  of  the  water  ;  the  urine  became  more  dilute.     This 
exception  may,  however,  be  neglected  by  us  since  such  a  high 
urea-contents  is  never  met  with  in  human  urine.  These  funda- 
mental laws  have  not  been  contested  daring  the  two  decades 
which  have  elapsed  since  their  establishment,  and  apparently 
contradictory  results  have  been  explained  as  our  knowledge 
of  the  factors  determining  the  blood-pressure  extended.    That 
in  this  relationship  of  dependence  the  height  of  the  bloods 
pressure  prevailing  in  the  glomeruli  is  the  real  determining 
factor,  was  long  ago  definitely  stated  by  M.  Herrmann  j*  and 
since  it  has  become  known  to  what  variations  the  calibre  of 
the  small  arteries  of  the  body  is  liable,  and  how  important 
their  calibre  is  as  regards  the  height  of  the  arterial  pressure, 
it  is  not  hard  to  understand  that  the  heights  of  the  general 
-arterial  pressure  and  of  the  pressure  prevailing  in  the  glome- 
ruli are  far  from  keeping  pace  the  one  with  the  other.     Rather, 
as  Griitznert  more  especially  has  shown,  everything  depends 
on  the  calibre  of  the  small  arteries  supplying  the  glomeruli : 
if  these  are  sufficiently  wide,  the  pressure  in  the  tufts  closely 
follows  the  general  pressure  as  measured  in  the  large  arteries  ; 
if  they  are  narrow,  it  may  happen  that,  in  spite  of  a  very  high 
general  pressure,  little  blood  will  enter  the  glomeruli.     Hence 
it  is  easy  to  understand  that,  in  many  varieties  of  extreme 
rise  of  blood-pressure  depending  on  general  arterial  spasm, 

M.  Hemnannf  '  Wien.  akad.  Sitzungsber./  Matb.-natnr.  CI.,  6d.  xxxti, 
p.  349  (»859).  3cW,  p.  316  (1861). 
t  Griitzner,  *  Ffliig.  A./  xi,  p.  370. 
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e.  g.  in  electrical  stimulation  of  the  spinal  cord,  in  aspbvxia, 
in  poisoning  hj  strychnia  or  digitalis,  the  nrinarr  secretion 
is  arrested  precisely  when  the  rise  of  pressure  is  at  its  highest, 
and  only  becomes  abnndant  when  the  arterial  spasm  is  relaxed, 
or,  should  the  spasm  depend  on  stimulation  of  the  vnso-motors, 
when  the  renal  nerves  are  divided,  iloreover,  the  rarions 
changes — by  no  one  morethoroughly  studied  than  byEckhard* 
— undergone  by  the  urinary  secretion  after  irritation  or  divi- 
sion of  certain  nerve-tracts  lose  everything  of  an  enigmatical 
character  on  considering  the  influence  of  these  procedures  on 
the  blood-pressure.f  This  is  true  of  the  considerable  dimi* 
nution  of  the  quantity  of  urine,  amounting  even  to  complete 
arrest,  which  follows  division  of  the  spinal  cord,  as  well  as  of 
the  alteration  of  the  secretion  which  ensues  on  section  of  the 
splanchnic.  For  since  the  splanchnic  is  the  vaso-motor  nerve 
of  the  kidney,  one  might  expect  that  its  division  should  in* 
crease  the  secretion ;  but  since  its  section  has  at  the  same 
time  the  effect  of  diminishing  the  arterial  pressure,  the  in- 
crease in  the  amount  of  urine  may  prove  very  slight,  espe- 
cially in  the  rabbit,  in  which  the  fall  of  pressure  is  very  con- 
siderable ;  the  urine  may  in  fact  undergo  no  increase,  or,  as 
in  the  dog,  be  extremely  variable.  Stimulation  of  the  me- 
dulla after  division  of  the  splanchnics  always  causes  an  in- 
crease in  the  amount  of  urine  secreted;  after  unilateral  section 
only,  of  course,  on  the  corresponding  side.  Still  less  has  the 
division  of  the  nerve-plexus  accompanying  the  renal  artery 
a  constant  effect  on  the  secretion  of  urine ;  for  its  essen- 
tial success  depends  on  its  rendering  the  glomeruli  accessible 
to  the  variations  of  aortic  pressure,  and  it  does  not  certainly 
effect  this,  because  the  tonus  of  the  small  arteries  is  not  de- 
pendent alone  on  the  state  of  excitation  of  the  nerves  passing 
to  them  from  without.  When  these  relations  are  given  their 
due  weight,  the  assumption  of  the  existence  of  secretory  and 
secretion-inhibitory  nerves  in  the  kidney  becomes  unnecessary 
for  the  explanation  of  the  complicated  and  apparently  para- 
doxical results  of  experiment ;  their  existence  is  so  far  any- 

•  Eckhard,  various  essays  by  him  and  by  his  pupils  in  the  *  Beitrage  lur 
Anat.  und  Physiol,/  W — vi. 
t  Ustimowitich,  'Ber.  der  sachs.  Oea.  der  Win.  M.  Fhyi.  CI./  1870, 
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thing  but  certainly  determined^  while  the  dependence  of  the 
nrinary  secretion  on  the  blood-stream  through  the  kidneys 
is  one  of  the  best  established  facts  of  physiology.  There  can 
at  most  be  a  difference  of  opinion  as  to  which  of  the  elements 
in  the  blood-flow  is  the  really  determining  factor.  Ludwig, 
in  harmony  with  his  theory  of  filtration,  believes  it  to  be  the 
hlood-presaure,  relying  mainly  on  the  fact  that  a  lowering  of 
arterial  pressure  is  followed  by  an  arrest  of  the  secretion, 
even  though  it  still  allows  the  passage  of  a  noticeable  quantity 
of  blood  through  the  kidneys.  In  opposition  to  this  view, 
Heidenhain,'*^  one  of  the  physiologists  who  know  most  of  the 
function  of  the  kidneys,  has  convinced  himself,  chiefly  on  the 
strength  of  a  fact  which  will  shortly  engage  our  attention, 
that  the  determining  factor  is  not  the  blood -pressure  but  the 
velocity  of  the  stream,  i.  e.  the  amount  of  blood  which  passes 
through  the  vessels  of  the  glomeruli  in  the  unit  of  time.  It 
is  far  from  an  easy  matter  to  choose  between  two  opinions, 
each  based  on  such  good  grounds ;  and  however  important 
the  entire  question,  we  pathologists  will  I  think  willingly  sus- 
pend our  judgment,  above  all  because,  in  the  great  majority 
of  the  cases  in  which  we  are  interested,  both  the  change  of 
pressure  and  the  change  of  velocity  take  place  in  the  same 
diredtion* 

The  results  of  physiological  experiment  are  nowhere  con- 
tradicted by  pathological  experience.  A  permanent  eleva- 
tion of  arterial  pressure  is  observed,  as  you  know,  in  all 
cases  of  marked  hypertrophy  of  the  left  heart,  when  the  latter 
IB  not  merely  compensatory  of  some  other  circulatory  lesion 
causing  a  lowering  of  pressure.  In  fact,  individuals  with 
pure  cardiac  hypertrophy  pass  large  quantities  of  thin  pale 
nrine  which  is  poor  in  urea.  This  is  nowhere  more  strikingly 
seen  than  in  those  cases  of  hypertrophy  of  the  heart  which 
originate  in  the  train  of  atrophic  processes  in  the  kidney,  such 
as  cirrhosis  and  hydronephrotic  atrophy ;  for  here,  where  it 
might  a  priori  be  expected  that,  owing  to  the  considerable  loss 
of  gland-substance,  abnormally  little  urine  would  be  secreted, 
the  high  pressure  under  which  the  blood  reaches  the  glome- 
ruli and  the  great  velocity  with  which  it  passes  through  the 

•  Heidenhain,  <  Bresl.  arzti.  Zeitachr./  1879,  No.  aa.    Treated  at  length 
in  Hermann's  *  Handb.  d.  PhyiioL/  v,  i,  p.  309,  et  M2- 
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tufts  exert  sucb  an  influence  that  the  amount  of  urine,  instead 
of  becoming  less  than  normal,  mostly  etDcuetlM  it  hy  a  f(W- 
tiderable  quantity.  A  daily  volume  of  2500  or  even  3000  c.o. 
is  very  common  in  snch  patients,  and  quantities  of  4000  c.o. 
and  more  have  often  been  observed.  At  the  same  time  the 
urine  is  of  low  specific  gravity  (on  the  average  loio — 1012)  ^e- 
cause  it  is  poor  in  solid  constituentsj  above  all  in  urea  ;  the  per- 
centage of  urea  in  the  most  marked  cases  is  usually  between 
!  and  Z,  and  may  occasionally  even  be  leas  than  i  per  cent. 
This  low  percentage  of  ures,  as  I  need  hardly  point  out,  does 
not  in  any  way  involve  an  absolute  diminution  in  the  amount 
excreted  ;  on  the  contrary,  such  patients,  in  complete  har- 
mony with  the  results  of  physiological  experiment,  may  pro- 
duce more  urea  in  twenty-four  hours  than  the  normal  average 
quantity;  and  certainly  there  is  no  doubt  that,  so  long  as 
their  general  condition  continues  good,  such  persons  excrete 
an  amount  of  urea  which  quite  corresponds  with  their  diet 
and  mode  of  living. 

Pathology  is  unable  to  supply  equally  pregnant  and  convinc- 
ing illustrations  of  the  action  of  rise  of  pressure  in  the  glo- 
meruli, depending  on  local  conditions.  We  might  certainly 
here  include  the  compensatory  or  collateral  Buxion,  by  which 
the  loss  of  some  of  the  arteries  of  the  kidney  is  compensated 
and  rendered  inoperative.  The  importance  of  this  collateral 
fluxion  will  be  best  brought  home  to  yon  by  the  fact  for- 
merly referred  to  (vol.  i,  p.  130),  that,  after  the  extirpation  of 
one  kidney  in  a  dog,  the  same  amount  of  water  and  urea  is 
excreted  as  before  the  operation,  the  diet  being  the  same — 
provided  there  be  no  rise  of  temperature  or  other  disturbance 
of  the  general  condition.  This  result  would  be  impossible 
but  for  the  relaxation  of  at  least  a  number  of  arterial  twiga 
which  are  otherwise  strongly  contracted  ;  and  in  so  far  aa 
this  is  the  case,  we  have  here  unquestionably  a  locally  con- 
conditioned  rise  of  pressure  in  the  glomeruli.  Since,  how* 
ever,  in  the  most  favorable  event  only  complete  compensation 
is  secured,  you  will  not  expect  any  increase  of  volume^  or 
other  alteration  in  the  constitution  of 
your  interest  will  certainly  be  w 
another  pathological  condition  . 
example  of  the  fanctional  distorbai 
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engaging  our  attention — if  only  it  could  be  shown  with  cer- 
tainty that  the  causal  connection  is  of  this  kind  ;  I  refer  to 
polyuria  or  diabetes  insipidus.  By  polyuria  we  understand 
a  morbidly  increased  excretion  of  urine  free  from  sugar,  which 
does  not  depend  on  serious  disease  of  the  kidneys.  The 
amount  of  urine  passed  by  such  patients  in  twenty-four  hours 
considerably  exceeds  the  physiological  standard^  and  in  some 
cases  may  be  ten  or  twenty  times  more  than  normal.  The 
urine  is  clear^  very  pale,  and,  owing  to  its  richness  in  water, 
of  abnormally  low  specific  gravity,  as  a  rule  between  1004 
and  loio;  in  the  most  marked  cases  even  these  values  are 
not  reached.  From  this  fact  alone  you  may  gather  how  small 
must  be  the  percentage  of  solid  constituents,  and  more  espe- 
cially of  urea ;  although  here  too  the  absolute  daily  excre- 
tion of  urea  is  very  considerable,  sometimes  even  abnormally 
excessive.  Grape-sugar  is  not  contained  in  the  urine  in  dia- 
betes insipidus  ;  on  the  other  hand,  inosite,  though  not  con- 
stantly present,  has  been  found  a  few  times.*  On  inquiring 
by  what  this  remarkable  augmentation  of  the  renal  activity 
is  caused,  we  must  from  the  first  exclude  every  suspicion 
that  it  is  simply  the  effect  of  an  abnormally  abundant  supply 
of  water.  Were  this  so,  the  augmentation  would  not,  of 
course,  be  morbid ;  and  while  it  is  obvious  that  the  diabetic 
could  not  permanently  pass  such  enormous  quantities  of  urine, 
did  they  not  drink  equally  large  quantities  of  water,  it  can 
be  shown  of  this  disease  with  tolerable  certainty  that  the 
thirst  and  enormous  water-supply  are  secondary  effects  of  the 
polyuria.  The  occurrence  of  a  primary  lasting  increase  of 
the  sensation  of  thirst,  independent  of  glycsDmia,  a  true  poly^ 
dipsiuj  is  not  to  be  disputed  ^f  yet  diabetes  insipidus  certainly 
does  not  depend  on  such  a  condition,  since  it  has  been  found  in 
various  cases  that  the  polyuria,  though  reduced,  persists  after 
the  supply  of  water  is  restricted,  and  that  the  patients  invari- 
ably excrete  more  water  by  the  kidneys  than  do  healthy  persons 
taking  an  equal  quantity  of  liquids,  t      We  are  accordingly 

*  For  details  see  the  text-books  of  special  pathology,  e.  g.  Senator,  in 
Ziemssen's  *  Handb.,'  xiii,  Abth.  3,  p.  555. 

t  Cf.  the  typical  case  of  Nothnagel,  *  Yirch.  A./  Ixxxvi,  p.  435,  oontiuns 
nferences  to  literature. 

t  C£.  Senator,  loc.  cit,  p.  5681 
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compelled  to  seek  the  caxiso  of  the  polyuria  in  an  abnormal 
condition  of  the  kidneys,  and  the  constitution  of  the  diabetic 
nrino  unquestionably  reminds  ont*  of  the  spcretiou  which  fol- 
lows an  abnormally  abundant  blood-supply  to  the  glomeruli. 
Since,  moreover,  the  tension  of   the  larger  arteries  in  these 
patients  is  anything  but  increased,  we  are  led  p'^r  e:tclu-nonem 
to  aakj  whether  a  local  diminution  of  resistance  in  the  small 
rifual    arteries,  an    active   hyperxmia  or  congestion,  is    not 
the  determining  factor  here.     The  congestion  may  be  the 
result  of  nervous  influences.      For  the  splanchnic  contains 
constrictors  of  the  renal  vessels  ;  and  although  wo  are  unable 
a«  jet  to  follow  the  course  of  all  the  vaso-motor  nerves  of  the 
kidneys  with   desirable  accuracy,  we   have  only   a   moment 
sinew  referred  to  alterations  in  the  calibre  of  the  renal  vessels 
which  may  bo  produced  experimentally  by  the  stimulation  or 
division  of  various  nerve-tracts.     It  perfectly  harmonises  with 
this  that,  in  tho  mtiolof^y  of  diabetes  insipidus,  concussion  of 
the  brain  and  other  injuries   to  the   skull,  violent  emotional 
disturbance,  and  chronic  disease  of  the  brain  and  spinal  cord 
play  an  important  role  ;  and  uJso  that,  in  a  largo  number  of 
cases,  anatomical  investigation   has  revealed  focal  disease  of 
the  central  nervous  system,  especially  in  tho  neighbourhood 
of  the  fourth  ventricle.*     But  since  the  tonus  of  the  small 
arteries  is  not  exclusively  controlled  by  the  vaso-constrictors, 
their  permanent  dilatatiou  may  depend  on  other  factors,  at 
present  unknown,  of  which  we  can  only  say  that  they  are 
not  influcnc^LHl  by  the  central  nervous  system.      Some  such 
factor  must  be  assumed  for  the  numerous  coses  of  diabetes 
insipidus  in  which  no  disease  of  tho  brain  can  be  detected,  or 
indeed  any  recognisable  cause  be  discovered.      You  will  not, 
however,  conceal  from  yourselves  that  it  is  a  perfectly  hypo- 
thetical view  which  is  here  presented  you,  and  because  of 
this  I  thonght  it  my  duty  to  be  most  reserved  in  connecting 
polyuria  with  the  fonctional   derangements  of  the  kidney 
hero  engaging  our  attention. 


Much  more  frequent  opportnnities  are  presented  at  the 
Btck-bedof  observing  tho  influence  exerted  hy  dtminuiion  of 
Ike  blood'-preMifUT^  in  tho  glomeruli  on  the  urinary  secretion. 

•  Ibid,,  p.  564. 
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The  determination  of  the  amount  of  nrine  secreted  by  persons 
who  have  sustained  an  interruption  of  continuity  of  the  spinal 
cord  is,  it  is  true,  attended  by  certain  difficulties,  since  dis- 
turbances in  the  evacuation  of  the  urine  are  also  invariably 
present.  The  few  statements  contained  in  the  literature 
agree^  however,  in  this,  that  after  interruptions  of  continuity 
of  the  cord  at  so  high  a  point  as  to  cause  considerable  lower- 
ing of  the  arterial  pressure,  the  amount  of  urine  excreted  is 
greatly  reduced.  But  the  true  classical  examples  of  altered 
urinary  secretion  dependent  on  low  arterial  pressure  are 
afforded  by  the  non-compensated  or  insufficiently  compensated 
cardiac  or  pulmonary  lesions.  Here  the  daily  amount  of  urine 
is  always  considerably  less  than  normal.  The  urine  is,  at 
the  same  time,  of  high  specific  gravity,  X024  to  1030  and 
more,  because,  in  perfect  agreement  with  Ludwig's  experi- 
ments, the  secretion  of  the  solid  constituents,  more  especially 
of  the  urea,  has  not  decreased  pari  passu  with  the  water ;  the 
urea  present  in  such  urine  may  amount  to  more  than  5  per 
cent.  The  urine,  owing  to  its  concentration,  appears  dark 
red,  and  for  the  same  reason,  though  clear  when  passed,  it 
becomes  cloudy  on  cooling  in  consequence  of  a  copious  de- 
posit of  urates.  That  the  urine  of  persons  affected  with  heart 
disease  actually  owes  its  peculiarities  to  the  diminished  arte- 
rial pressure  may  often  be  proved  with  the  precision  of  an 
experiment ;  for,  so  soon  as  the  arterial  tension  is  restored 
to  its  normal  elevation,  either  spontaneously  or  by  the  aid 
of  the  physician,  there  immediately  takes  place  an  abundant 
secretion  of  urine,  whose  urea-contents  correspond  exactly 
to  the  food  taken,  &c.  At  this  time  the  urine  of  persons 
suffering  from  heart-disease  is  not  essentially  distinguishable 
from  that  of  healthy  individuals  on  the  same  diet,  while  during 
the  periods  of  inadequate  compensation  it  shows  a  decided 
resemblance  to  the  urine  of  pyrexia.  In  the  main  it  is  due 
to  other  causes  that  the  urine  of  fever  is  scanty  and  com- 
paratively rich  in  urea  ;  but  when,  as  so  commonly  happens 
in  many  pyrexial  affections,  the  arterial  pressure  is  low, 
there  is,  in  addition  to  the  factors  previously  dwelt  on,  another 
which  tends  to  produce  a  like  alteration  of  the  urine. 

While  in  the  foregoing  cases  the  low  tension  in  the  glome- 
ruli was  only  a  part-phenomenoni  an  outcome,  of  the  general 
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fall  of  pressure,  there  is  no  dearth  in  pathology  of  examples 
where  the  deticleut  fulnesH  of  the  glomeruli  depends  solely 
on  abnormal  rctiiitiauces  in  the  renal  arteries.  These  resist- 
anoes  mast,  if  their  eifects  are  to  become  apparent  in  the 
urine,  involve  all  or  the  great  majority  of  the  small  arteries 
of  both  kidneys,  for  otherwise  the  compensatory  influence  of 
collateral  fluxion  woald  make  itself  felt ;  and  hence,  for  this 
if  for  no  other  reason,  in  nrhrottis  of  the  renal  arteries  we 
have  but  rarely  the  opportunity  of  observiug  a  diminution  of 
volume  of  the  nrine  passed  in  twenty- four  hours.  To  this 
must  be  added  the  facts  that  sclerosis  of  the  renal  vessels  is 
usually  complicated  by  atrophic  processes  iu  the  parenchyma, 
and  that  when  it  forms  a  part-phenomenon  of  extensive  scle- 
rosis of  the  arteries,  there  is  present  at  the  same  time  either  an 
hypertrophy  of  the  heart  or  the  signs  of  a  general  circulatory 
disturbunco.  Tho  effect  of  an  abnormal  increase  of  resistance 
in  the  renal  arteries  appears  in  a  much  purer  form  in  lead 
colic  than  wonld  be  possible  under  tho  circumstances  jast 
meutioued.  For  so  long  as  the  superficial  arteries  are 
marke<iiy  tense,  and  the  colicky  pains  are  violent,  tho  urinary 
secretion  will  be  reduced,  and  the  specific  gravity  of  the 
urine,  sometimes  very  scanty,  continues  high.  So  soon,  on 
the  other  hand,  as  with  tho  relief  of  the  pains,  the  vascular 
tension  falls,  the  amount  of  the  urine  increases,  and  hero 
too  almost  with  the  promptness  of  au  experiment.^  There 
is  also  much  to  be  said  in  favour  of  the  view  that  the  con- 
siderable diminution  of  the  urinary  secretion,  which  precedes 
the  paroxysms  in  eclampsia  parturicntinm  And  Tega\a.T\y  per- 
sists so  long  as  cho  attacks  continue,  depends,  in  a  number 
of  oases  at  least,  on  spasm  of  the  renal  arteries.  The  spasm, 
while  sulHciout  to  considerably  limit  the  blood-supply  to  the 
glomeruli,  cannot  be  so  great  as  to  completely  occlude  the 
lumen,  for  then  not  only  would  there  be  complete  suppres- 
sion of  the  urinary  secretion,  but  profound  structural  altera- 
tions of  the  kidney  could  not  fail  to  occur.  Auyone^  at  least, 
who  has  often  examined  the  kidneys  of  women  dying  during 
the  eclampsia,  knows  that,  at  auy  rate  in  the  cases  setting  in 
ftcntcly,  there  is  no  question  of  actual  nephritis.  Again,  the 
hypothesis  of  an  extreme  mechanical  hypereemia,  in  coas&- 
•  Cf.  Kiegel,  •  D,  A  f.  lOin.  Med.,*  xji,  p.  175. 
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qaencc  of  the  alleged  prcssnrc  of  the  pregnant  nterns  on  tfao 
renal  veins,  is,  to  say  nothing  of  the  topographical  difficulties^ 
overthrown  simply  by  the  fact  that  the  kidneys  in  eclampsia 
are  far  from  cyanotic,  but  as  a  rule  pale  ;  they  are  certainly 
not  hard,  but  rather  the  opposite.  Lastly,  if  the  canae 
of  the  oliguria  be  sought  in  an  occlusion  of  the  urinary  pas- 
sages, due  either  to  compression  of  the  ureters  or  even  of  the 
bladder  by  the  uterus,  or  to  the  obstruction  of  numbers  of  the 
open  urinary  tubules  by  casts,  it  can  only  he  through  over- 
looking the  fact  that  a  kidney  whicb  is  kept  from  secreting 
by  resistances  in  the  urinary  passages  must  become  oedema* 
tous  or  that  a  dilatation  of  the  ureter  and  pelvis  must  be 
developed — conditions  which  as  a  rule  are  not  found  in  the 
kidneys  after  death  from  eclampsio.  To  all  these  theories, 
which  in  the  great  majority  of  cases  are  easily  disproved,  wc 
may,  so  far  as  I  see,  prefer  the  hypothesis  of  an  arterial 
spasm,  perhaps  of  reflex  origin,  which  is  the  more  deserving 
of  respect  as  it  also  throws  light,  as  you  will  shortly  hear,  on 
the  albumen-contents  of  the  urine  in  eclampsia. 

The  pressure  and  velocity  within  a  vascular  area  do  not, 
however,  depend  solely  on  the  amount  of  arterial  resistance, 
but  are  also  influenced  by  the  resistance  in  the  vein*  ; 
and  we  are  consequently  justified  in  asking,  how  does  the 
urinary  secretion  behave  tphen  the  vetioite  efflux  tV  impeded  T 
Mechanical  hypersemia  of  the  kidney  due  to  local  obstacles 
scarcely  plays  a  part  in  pathology.  Not  that  thrombo.sis  of 
the  renal  veins  or  of  the  vena  cava  at  the  level  of  the  v, 
renales  does  not  take  place.  It  develops  so  slowly  nnd 
gradually,  however,  that  the  formation  of  sufficiently  large 
collftteral  channels  is  possible  ;  and  thus  even  total  throm- 
bosis of  both  the  matu  renal  veins  and  of  their  larger  tribu- 
taries is  always  simply  an  accidental  post-morte^n  discovery 
for  which  no  alteration  of  the  \\v\nQ  intra  vi tarn  had  prepared 
us ;  nor  is  there,  as  a  rule,  an}'*  structural  change  in  the 
organs.  But  the  kidneys  all  the  more  frequently  pariicipato 
in  general  venous  stagnation,  so  that  so-called  cyanotic  inda- 
ration  of  the  organs  is  one  of  the  most  characteristic  of  the 
appearances  found  after  death  from  heart  disease,  Ac.  The 
kidneys  are  then  large  and  remarkably  firm  in  consistenoe ; 
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tbeir  smooth  superficies  and  the  surface  oa  Bection  are  blue-red 
throughout,  the  pyramida  still  darker  than  the  cortex ;  all 
the  vessels  are  excessively  full,  espeoially  the  veins  and  the 
markedly  diluted  capillary  network,  while  the  glomeruli  are 
less  strongly  filled^  though  they  also  contain  a  large  amount 
of  blood.  The  iuterutitial  connective-tissue,  the  true  stroma 
of  the  kidneys,  is  neither  infiltrated  with  cells  nor  greatly 
increased,  yet  it  feeln  very  firm  to  the  touch  ;  and  although 
the  eptthelia  as  a  rule  display  no  alterations,  even  when  the 
cardiac  leaion  has  long  been  present,  in  the  most  severe  ca^es 
fatty  degeneration  may  be  found  in  them.  While  the  ana- 
tomical effects  of  permanent  venous  stagnation  in  thekidneya 
can  accordingly  be  accurately  defined^  the  question  of  the  re- 
sulting functional  disturbances  is  not  so  easily  decided.  For, 
•pari  pasMt  with  the  general  venous  stagnation,  there  neces- 
sarily occurs,  in  the  uncompensated  cardiac  lesions,  a  lower- 
ing of  arterial  pressure,  whose  influence  on  the  urinary  excre- 
tion has  just  been  described.  My  description  of  the  urine 
in  these  cases  was,  however,  incomplete ;  I  omitted  one  fea- 
ture which  is  never  absent  in  pronounced  cases,  namely,  tho 
presence  of  serum-albumen  and  red  hlood'corpttsdes  in  the 
urine.  But  inasmuch  as  Ladwig's  experiments  have  not 
taught  us  that  albuminuria  and  haematuria  are  regular  conse- 
queuces  of  a  low  pressure  in  the  glomeruli,  it  is  natural  to 
suppose  that  these  are  effects  of  the  mechanical  hyperasmia. 
As  to  whether  this  supposition  is  well  founded,  we  may  expect 
experiment  to  afford  an  absolute  decision. 

But  this  decision  will  not  be  arrived  at  as  the  result  of  the 
ligature  of  the  v.  renalis,  so  often  practised.  When  the  renal 
veins  are  tied  in  a  dog  or  rabbit,  a  very  considerable  swtlU 
iug  is  rapidly  developed,  so  that  the  organ  may  acquire  in 
loss  than  an  hour's  time  double  the  size  and  weight  of 
ita  fellow.  Its  colour  is  throughout  a  deep  red,  partly  in 
consequence  of  the  enormous  overfilling  of  all  the  vessels,  and 
partly  from  the  occurrence  of  large  extravasations  of  blood. 
Whether  rupture  of  some  of  the  vessels  takes  place  must 
remain  undecided  :  as  in  all  cases  of  mechanical  hypersamia 
80  here,  the  extravasation  depends  essentinlly  on  diapedeeig. 
On  microscopical  examination  the  lymph-spaces  of  the  kid- 
neys are  observed  to  be  filled  with  blood-corpuscles,  which 
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are  in  Borae  places  collected  into  small  clumps,  perceptible  to 
the  naked  eye  as  panctiform  lissmorrLages.  Innumerable 
blood-corpuscles  also  lie  in  the  lumina  of  the  urinary  tubules, 
the  open  tubules  of  the  medulla  being  actually  plugged  with 
them.  When  this  stage  has  been  reached — which  regularly 
occurs  in  from  one  to  two  hours  after  ligature  of  the  veins — 
not  a  drop  of  urine  can  be  obtained  from  a  cannula  bound 
into  the  ureter,  and  if  the  ureter  be  examined  it  is  not 
uncommonly  found  filled  with  a  soft  blood-clot.  Not  so  at 
the  beginning  of  the  experiment.  Immediately  after  occla- 
aion  of  the  veins,  there  drops  from  the  cannula  a  bloody  fluid 
rich  in  albumen,  which,  at  first  only  moderate  in  quantity, 
soon  begins  steadily  to  decrease,  till  finally  the  secretion  dries 
up  altogether.  There  is,  in  my  opinion,  little  interest  iu  dia- 
cussing  the  elevation  reached  by  the  pressure  in  the  glome- 
ruli as  the  result  of  this  procedure^  or  the  extent  to  which. 
the  lumina  of  the  open  tubules  are  encroached  upon  by  the 
congested  veins  of  the  medulla.  For  that  a  gland  whose  cir- 
culation is  so  seriously  disturbed  as  must  be  the  case  after 
sudden  occlusion  of  the  venous  efflux  and  after  an  operation 
which,  as  I  formerly  stated  (vol,  i,  p.  209),  must  always  b© 
followed  by  great  atrophy  of  the  organ, — that  the  kidneVj  I 
say, should  soon  refuse  to  perform  its  function,  does  not  appear 
specially  remarkable.  It  is  also  doubtful  enough  whether  the 
fluid  which,  immediately  after  the  ligature,  drops  from  the 
kidney  into  the  ureter  is  actually  urine^  and  not  rather  the 
lymph  of  stagnation ;  and  at  any  rate  it  is  obvious  that  an 
experiment  such  as  this  is  absolutely  worthless  so  far  as  the 
theory  of  urinary  secretion  is  concerned. 

If  the  experimental  increase  of  venous  pressure  is  to  give 
really  useful  results,  it  must  consist  of  nothing  more  exces- 
sive than  a  narrowing  of  the  vena  cava  above  the  renal  veios, 
or  still  better  of  the  vena  renalis  itself,  as  in  the  method  em- 
ployed by  Robinson  and  more  recently  by  Perls  and  Weisa- 
gerber,*  In  this  instance,  also,  the  amount  0/  urine  mme- 
diatelij  begins  to  ihcreaacj  though  not  nearly  in  the  same  degree 
M  when  the  occlusion  is  complete,  and  never  to  the  extent  of 
total  suppression.     At  the  same  time  the  scanty  and  cuncen- 

*  Bobinaon,  *lVlcd..Chir.  Tr^ouct..*  vol.  xxvi,  p.  51  ;  Weuwgcrber  uud 
PerU, '  A.  f.  exporiro.  Pathol.,'  vi,  p.  1 13. 
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trated  secretion  soon  becomes  albaroinous,  and  a  microscopic 
examination  of  tho  slight  sediment  reveals  even  after  a  few 
hours  a  number  of  red  hlood-coTjmscleis  and  a  few  hyaline  cants. 
As  far  as  the  fact  itself  is  concerned,  it  is  thereby  sufficiently 
established  that  the  arine  in  heart-disease  owes  a  good  part 
of  its  characteristic  peculiarities  tu  tho  mechanical  hypereemia, 
bat  the  explonntion  of  the  fact  is  not  so  easy.  As  regards 
the  decreased  amount  of  urines  in  the  first  place,  this  is  the 
point,  already  alluded  to,  which  ossontially  influenced  Heiden- 
httin  in  formulatiug  the  theory  of  velocity  an  opposed  to 
the  pressure  hypothesis.  On  more  closely  considering  the 
effects  of  the  narrowing  of  the  renal  veins  on  the  renal  circu- 
lation, wo  can  have  no  doubt  that  a  rise  of  pressure  will  take 
place,  chiefly  in  the  network  of  capillaries  surrounding  the 
convoluted  tubes  ;  and  if  the  tension  in  the  vas  efferens  were 
the  same  as  in  the  small  arteries  of  the  remainder  of  tho  bodj 
before  they  break  up  into  capillaries,  it  would  bo  questionable 
even  whether  the  vessels  of  tho  glomeruli  would  experience 
any  increase  of  pren^ure  through  interference  with  the  venous 
efflux.  This,  however,  is  not  the  case  ;  and  because  the  ten* 
sion  in  the  efferent  is  considerably  lower  than  that  in  the 
afferent  artery,  the  increased  tension  must  be  propagated  from 
the  veina  on  into  the  glomeruli,  though  in  less  degree* 
Nevertheless,  the  diminution  of  the  urine  in  mechanical  hyper- 
aemia  does  not  appear  to  me  to  be  a  sufficient  argument  against 
the  pressure  hypotliesis.  For,  as  you  are  aware,  the  deter- 
mining factor  according  to  this  hypothesis  is  not  the  absolute 
height  of  the  pressure  iu  the  glotuoruli,  but  tho  difference 
between  the  pressures  in  the  glomeruli  and  urinary  tubnles  ; 
and,  on  beariug  in  mind  that  in  the  kidney,  provided  as  it  is 
with  a  rigid  capsule,  the  overloaded  and  abnormally  distended 
vessels  must  necessarily  everywhere  compress  the  tubules,  bat 
more  especially  in  the  medulla,*  you  will  find  no  difficulty  in 
believing  that,  in  spite  of  the  increased  pressure  in  tho  glo- 
meruli, the  difference  of  pressure  iu  them  and  in  the  urinary 
tubules  may  yet  be  diminished  in  venous  stagnation.  On  the 
other  band,  I  do  not  fail  to  perceive  that  the  meohauical 
faypertt?mia  may  prove  a  serious  obstacle  to  the  circnlation  in 

*  C.  Ladwig,  *Wien.  akad.  Sitzungvber./  M^alh.  naturw.  Ct,  Nov.  5, 
1863. 


1148  INFLUENCE  OF  BLOOD-STBEAU  ON  ITBINART  8S0BXTI0N. 

the  glomeruli,  and  must  thus  reduce  tlie  velocity  of  the  blood« 
stream  through  them. 

6till  greater  interest  perhaps  attaches  to  the  second  pecn* 
liarity  of  the  urine  in  mechanical  hypersemia,  to  the  symptom, 
t.  e.  which  plays  so  great  a  part  in  the  pathology  of  the  nri- 
nary  apparatus,  namely,  the  passage  of  normal  albumen  and 
corpuscular  elements  from  the  blood  into  the  urine.  For  to  say 
nothing  of  the  red  blood-corpuscles,  the  albumen  of  the  urine 
in  mechanical  hyperssmia  is  regular  serum-albumen;  and 
although  the  number  of  blood-corpuscles  is  not  very  great  and 
the  amount  of  albumen  never  exceeds  one  or  two  parts  in  the 
thousand,  it  is  yet  necessary  to  learn  the  conditions  allowing 
of  the  passage  into  the  urine  of  constituents  of  the  blood  which 
do  not  escape  in  a  physiological  condition.  It  is  hardly  pos- 
sible to  arrive  at  a  proper  decision  oE  this  question  on  a  priori 
grounds,  that  is,  by  considering  our  other  experiences  with 
regard  to  mechanical  hypersemia,  as  observed  in  the  remain- 
ing organs  and  vascular  areas  of  the  body.  These  could  only 
lead  us  to  conclude  that,  instead  of  the  ordinary  transudation 
from  the  small  vessels  of  the  medulla  and  capillaries  sur- 
rounding the  convoluted  tubes,  there  escapes  during  the 
hyperemia  a  large  quantity  of  lymph  containing  blood-cor- 
puscles but  poor  in  albumen,  which  entering  the  lymph-spaces 
of  the  kidney,  leaves  the  organ  through  the  large  lymphatics 
of  the  hilus.  But  owing  to  the  dearth  of  similar  experi- 
ences as  regards  the  other  glands,  it  would  be  impossible  to 
say  whether  the  lymph  becomes  mingled  with  the  renal  secre- 
tion by  forcing  its  way  through  the  wall  into  the  lumen  of 
the  urinary  tubules.  On  the  other  hand,  the  albumen  may 
pass  directly  from  the  glomeruli  into  the  urinary  passages, 
though  it  may  be  questioned  whether  the  rise  of  pressure  in 
them  is  great  enough  in  ordinary  stagnation  to  force  through 
them  the  typical  lymph  of  mechanical  hypereemia.  To  decide 
between  these  possibilities.  Senator*  modified  the  experiment 
by  reducing  the  time  of  the  occlusion  of  the  veins  to  a  very 
short  period,  about  ten  to  twelve  minutes,  and  then  at  once 
removing  the  kidney  from  the  living  animal.     On  then,  ac- 

*  Senator, '  D.  Albaminurie  im  genuiden  nnd  kranken  Zustande/  Berlin^ 
1882,  p.  56. 
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cording  to  Posner'e  method,*  throwing  tbe  kidaey  into  boiling 
water  to  fix  the  albumen  transuded,  it  was  easy  to  detect 
Tnasees  of  coagulated  albumen  and  uUu  blood-corywicles  in 
the  lumen  of  some  of  ike  straight  tubulee,  ehiefly  of  the 
medulla,  while  the  capsales  of  Bowman  remained  absolutely 
free.  Bhould  these  results,  which  were  obtained  excluaively 
on  rabbitSj  be  confirmed  for  other  species  also— as  is  per  ae 
very  probable — it  would  hardly  be  possible  to  raise  an  objec- 
tion to  the  conclusion  of  &euator,t  that  in  mechanical  hyper- 
emia the  lymph,  t.  e.  the  dissolved  albumen  and  the  blood- 
corpuBcleH,  exude  first  from  the  abnormally  distended  capil- 
laries sarrounding  the  tubules  into  the  lumen  of  the  latter 
and  mingle  with  the  urine.  True,  it  does  nob  stop  short  at 
this.  Rather,  if  the  mechanical  hypenemia  be  kept  up  longer, 
masses  of  albumen  and  blood-corpuscles  make  their  appear- 
ance also  within  the  capsules,  and  the  number  of  capsules  so 
ebaoged  increases  in  proportion  to  the  time  that  has  elapsed 
since  the  vein  was  occluded. 

Anyone  who  desires  to  understand  this  passage  of  the 
seram-albumen  from  the  glomeruli  into  the  commenceuicuts 
of  the  uriuary  tubules  must  first  of  all  answer  the  question. 
How  comes  it  that  the  urine,  the  greater  part  of  which  at  least 
is  excreted  through  the  glomeruli,  is  normally  non-albuminous, 
while  all  the  other  transudations  of  the  body  contain  albu- 
men, although  in  different  proportions  ?  True,  I  must  not 
conceal  from  you  that  doubts  have  recently  been  raised  as  to 
the  absolute  truth  of  the  rule  that  normal  urine  is  free  from 
albumen.  It  is  long  since  isolated  observations  were  recorded, 
according  to  which  albuminous  urine  might  be  secreted  by 
persons  with  healthy  kidneys,  sometimes  as  the  result  of 
emotional  disturbance,  of  bodily  exertion,  or  of  the  consump- 
tion of  food,  but  occasionally  in  the  absence  of  any  such  cause ; 
and  more  recently  the  systematic  examination  of  the  urine  of 
healthy  individuals  by  means  of  more  delicate  methods  has 
directed  utteution  to  the  fact  that  an  unmistakable,  though 
trilling,  amount  of  albumen  may  be  observed  with  compara- 
tive frequency  in  the  urine  of  perfectly  healthy  persons  ; 

•  PosDcr, '  Virch,  A.,'  Ixxix,  p.  311. 

^  Cf.  the  itAtements  henring  on  the  point  in  Senator's  *  Albaminune/ 
p.  ]6,  el  teq. ;  Mil  of  Wagner  in  Zietuwen'fi  *  Handb.,'  ix,  1,  3  AuJl.,  p.  24. 
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Leabe,*  Maniijt  Fiirbringer,!  and  others  found  that  ODeoQi 
of  seven  or  eight  healthy  individuals  had  undoubted  albu- 
minuria. This,  I  do  not  fail  to  perceive,  is  a  very  high  aver- 
age^  and  even  if  we  make  a  deduction  for  cases  of  latent  renal 
disease,  it  remains  surprisingly  great ;  but  to  proclaim  on 
this  account  with  Senator§  that  albuminuria  is  a  physiological 
occurrence  which  only  escapes  notice  owing  to  the  insigni- 
ficant albuminous  contents,  is  not,  in  my  opinion,  justifiable. 
Lenbe,  who  detected  albumen  in  the  urine  of  i6  per  cent,  of 
the  1 19  soldiers  examined  by  him,  does  not  come  to  this  con- 
clusion, but,  on  the  contrary,  is  inclined  to  attribute  the  fact 
to  individual  differences  in  the  membranous  covering  of  the 
glomeruli.  At  any  rate,  it  would  only  be  necessary  to  modify 
the  question  to  the  extent  of  asking  how  it  happens  that  a 
fluid  is  excreted  from  the  glomeruli  which,  unlike  all  the  other 
transudations  from  the  capillaries  of  the  body,  contains  such 
a  small  quantity  of  albumen  that  in  the  great  majority  of  in- 
dividuals it  cannot  be  detected  even  by  the  most  delicate 
methods.  Now,  even  if  one  be  not  disposed  to  follow  Heiden- 
hain  in  his  view  of  the  structure  of  the  kidney  so  far  as  to 
regard  the  epithelia  of  the  Malpighian  tufts  as  active  secretory 
elementSj  whose  material  is  supplied  by  the  vessels  of  the 
glomeruli,  it  is  yet,  in  the  present  state  of  our  knowledge,  tm- 
possible  to  avoid  ascribing  to  the  layer  of  epithelium  covering 
the  glomerulus  the  function  of  keeping  back  the  albumen.  That 
this  layer  of  epithelium  is  actually  qualified  to  arrest  certain 
constituents  which  the  loops  of  the  glomeruli  let  pass,  is  sup- 
ported, as  Heidenhain  has  rightly  pointed  out,  by  the  well- 
known  markings  presented  by  the  kidneys  in  argyria ;  for 
the  fine  granules  of  silver  are  here  met  with  outside  the  vas^ 
eular  loops,  it  is  true,  but  not  lying  free  in  the  interior  of  the 
capsule  or  of  the  tubules  ;  they  are  contained  in  the  cells  of 
the  epithelial  covering  of  the  glomeruli.  This  membrane  is 
quite  peculiar  to  the  glomeruli,  and  were  it  absent  it  would  be 
impossible  to  see  why  the  vascular  tufts,  perfectly  resembling 

•  Leabe,  *  Virch.  A./  Uii,  p.  145. 
t  Munn,  'New  York  med.  Rec./  March,  1879. 
i  Furbringer,  *  Ztschr.  f.  klin.  Med./  i,  p.  340. 

§  Cf.  the  itAtemeoU  bearing  on  the  point  in  SenatorV  *  Albnminnrie,' 
%sts$^. 
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\ihej  do  in  strnctnre  all  other  capillarios^  should  not  like 
lem  allow  a  markedly  albuminous  fluid  to  transude.  That 
the  MnlpighidD  tufts  must  be  peculiar  was  instinctively  re- 
cognised before  the  epithelial  covering  was  accurately  known  ; 
these  vessels  were  asserted  to  possess  a  peculiar  impermea- 
bility to  serum-albumen  which,  according  to  the  then  current 
conceptions  aa  to  the  laws  regulating  the  filtration  of  albumi- 
nous fluids  through  membranes,  could  not  withstand  an  in- 
creasing filtration-pressure.  How  this  purely  theoretical 
notion  could  so  long  remaiu  master  of  the  field,  in  spite  of 
the  fact  that  it  was  unsupported  by  any  pathological  or  ex- 
perimental evidence,  is  really  difficult  to  understand.  Divi- 
sion of  the  splanchnic  or  of  the  renal  nerves  is  not  followed 
by  albuminuria,  provided  the  renal  nerves  be  divided  care- 
fully without  stretching  or  crushing  of  the  renal  vessels. 
Nor  does  albuminuria  set  in  on  the  uon-iunervated  side  in 
asphyxia,  much  less  in  the  inconsiderable  rise  of  blood-pres- 
sure which  is  produced  by  tying  the  aorta  below  the  renal 
arteries,  or  the  aorta  together  with  the  subclavians.  Patho- 
logical polyuria  also  generally  runs  its  course  without  albu- 
minuria; persons  with  idiopathic,  it  may  bo  nervous,  cor 
bovinum  do  not  exhibit  it,  so  long  as  their  general  state  is 
good  ;  and  if  the  urine  of  persons  with  cnrdiac  hypertrophy 
consequent  upon  cirrhotic  kidney,  as  a  rule  contains  a  slight 
amount  of  albumen,  the  different  inflammatory  changes  still 
taking  place  in  such  kidneys  are  stjch  a  sufficient  cause  of 
albumiuuria  that  the  temporary  or  permanent  absence  of  albu* 
men  from  the  urine,  which  has  repeatedly  been  observed,  af- 
fords 8trikinj<  testimony  to  the  impotence  of  tho  liigh  blood- 
pressure.  More  recently,  the  supposed  theoretical  foundation 
of  this  view  has  been  seriously  weakened  by  the  experiments 
of  Runeberg*  on  the  filtration  of  solutions  of  albumen,  to 
which  reference  has  already  been  made  (vol.  i,  p.  514).  He 
fonnd  that  when  the  Jtltration-prestiure  is  augmented  tk^ 
percentage  alhuminmis  eontcnti/  of  the  filtrate  decreasef  and 
vi^e  versd,  as  well  as  that  the  permeability  of  an  animal  tneta* 
hrane  ta  albumen  and  to  partieles  in  »ti{tpensian  increases  wfien 
the  escape  of  the  filtrate  is  preventudj  and  the  opposing  pres- 
snre  extornnl  to  the  membrane  is  in  consequence  raised.  On 
•  Roneberg, '  A.  d,  H«ilk./  xTiii,  p.  i. 
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that  occasion  I  dwelt  ou  my  objections  to  Buneberg's  experi- 
ments, and  more  especially  on  tbe  reasons  wby  I  do  not  re- 
gard it  justifiable  to  apply  bis  results  witbout  more  ado  to 
processes  taking  place  in  tbe  living  body.  I  also  drew  atten- 
tion to  tbe  fact  that  our  experiences  witb  regard  to  tbe  tran- 
sudation o£  stagnation  do  not  agree  witb  tbose  experimental 
results.  My  objections  have  not  been  overcome  by  the  sub- 
sequent bigbly  interesting  publication  of  Runeberg,*  in  wbicb 
be  attempts  to  explain  our  clinical  experiences  of  albuminuria 
on  tbe  basis  of  his  filtration-experiments.  Add  to  tbis  what 
I  also  then  mentioned^  that  Runeberg's  interpretation  of  bis 
experiments,  though  not  the  facts  tbemselves,  bave  been  at- 
tacked by  several  persons.f  Everything  considered,  yon  will 
easily  understand  tbat  I  cannot  regard  this  writer's  view, 
according  to  whicb  tbe  albuminuria  is  dependent  on  a  fall  of 
pressure  in  tbe  glomeruli,  as  being  as  yet  established.  I  am 
tbe  less  inclined  to  accept  it,  since  the  albuminuria  setting  in 
under  these  circumstances  may  be  explained  in  a  very  differ- 
ent way,  namely  by  an  alteration  in  the  constitution  of  the 
membranes  concerned  in  the  excretion  of  urine. 

That  the  Malpigbian  tufts  are  very  sensitive  to  disturbances 
of  tbe  circulation  is  a  tolerably  old  experience.  Hermann 
was  the  first  to  observe  the  fact,  afterwards  more  carefully 
studied  by  Overbeck,|  tbat  even  a  short  interruption  of  tbe 
renal  blood-stream  is  followed  by  a  suppression  of  the  urinary 
secretion,  lasting  from  a  few  minutes  to  three  quarters  of  an 
hour,  while  the  urine  subsequently  passed  contains  a  few  red 
blood-corpuscles  as  well  as  albumen,  and  continues  to  do  so 
for  some  hours  or  days,  according  to  the  duration  of  the 
ischaemia.  In  perfect  agreement  with  this  is  the  circumstance 
that  when  the  renal  secretion  recommences  after  an  attack  of 
cholera,  the  urine  invariably  contains  albumen  for  a  time ; 
and  in  like  manner  lying-in  women  who  have  recovered  from 
eclampsia  always  pass  albuminous  urine  after  the  anuria  has 
subsided.  Yet  complete  interruption  of  the  circulation  is  not 
necessary  for  the  production  of  this  result.     Hermann  de- 

*  Runeberp, '  D.  A.  f.  klin.  Med./  xziit,  p.  41,  235. 
t  Heidenhain,  in  Hermann's  'Handb.  d.  Physiol.,*  r,  i,  p.  368,  et  aeq. ; 
Oottwalt, '  Ztsch.  f.  pbys.  Chemie/  ir,  p.  423. 

+  Overbeck,  *  Wien.  akad.  Sittangiber.,'  xlvii,  Abtb.  11.  p.  189. 
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tected  albumen  in  tho  urine  after  compressing  the  renal  artery 
80  as  still  to  allow  the  blood,  though  in  greatly  diminished 
quantity,  to  reach  the  kidney  ;  and  in  cholera  and  puerperal 
eclampsia  the  urine  may  become  albuminous  before  suppres- 
sion, t.  e.  in  the  stage  of  oliguria,  at  a  time  when  the  blood- 
stream through  the  kidneys  is  diminished  but  not  arrested. 
Whether,  with  Ueidenhain,  yon  will  attribute  the  temporary 
arrest  of  the  urinary  secretion,  following  a  transitory  inter- 
ruption of  the  circulation,  to  a  secretory  incapacity  of  tho 
epithelium  of  the  glomeruli,  1  must  leave  to  your  own  dis- 
cretion ;  in  my  opinion,  howerer,  it  may  unhesitatingly  bo 
inferred  from  these  experiences  that  every  coTisiderable  ciVr«* 
latory  disiurhanre  renders  the  itwrnlranes  concerned  in  the  eje* 
cretii/n  of  urine  permeable  to  albtimen^  While  Overbcck 
thought  of  an  alteration  in  constitution  of  the  entire  glome- 
rulus,  we,  who  do  not  doubt  the  normal  permeability  of  the 
capillary  loops  for  albumen,  shall  refer  their  abnormal  per- 
meability to  an  alteration  of  the  glomerular  epithelium. 

If,  accordingly,  we  assume  that  the  glomerular  epithelium 
loBea  its  capacity  of  keeping  back  the  serum-albumen  when- 
ever an  abundance  of  fresh  arterial  blood  fails  to  be  supplied 
to  tho  vascular  tufts,  we  have  a  ready  explanation  of  mnny 
pathological  varieties  of  albuminuria.  Wo  have  only  this 
moment  considered  the  albuminous  urine  of  cholera  and  of 
eclampsia;  it  is  probable,  however,  that  the  albuminuria  so 
often  observed  after  an  epileptic  atiack  and  in  tetanus  is  the 
consequence  of  temporary  tetanic  contractions  of  the  small 
renal  arteries,  and  this  is  certainly  the  cose  with  the  albu- 
minous urine  not  rarely  seen  in  lead  colic.  From  this  point 
of  view,  moreover,  it  is  easy  to  understand  that  stretching 
or  crushing  of  the  main  renal  arteries  will,  as  already  indi- 
cated, be  followed  by  albuminnria.  While  in  these  cases  the 
circulatory  disturbance  in  theglomerali  is  conditioned  by  an 
abnormal  state  of  the  vessels  supplying  them  with  blood,  a 
general  fall  uf  arterial  pressure  may  also  result  in  the  glome- 
ruli being  inadequately  fed.  This  factor  assuredly  makes 
itself  felt  in  tho  albuminuria  which  almost  invariably  accom- 
panies nrpiic  and  all  other  pyrcxial  discasee  attended  by 
a  lowered  tension  of  the  arterial  system.  The  occasional 
presence  of  albumen  in  the  urine  in  cases  oi perniciowi  anaemia 
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and  leuk^omia  need  bardlj  be  referred  to  any  other  oaase  ;  and 
tbat  this  is  the  origin  of  the  albuuiiuurla  following  the  appH- 
cabiou  to  the  skin  of  an  impermeable  coating  appears  to  me 
to  follow  from  the  fact  that  the  symptom  sets  in  in  those 
animals  only  whoso  temperature  and  entire  circulation  are 
unfavourably  influenced  by  the  operation,  e.  g,  rabbits,  but 
not  in  dogs  or  in  man.*  Finally,  to  return  to  the  point  from 
which  we  set  out,  our  assumption  completely  explains  the 
albuminuria  of  venous  stagnation,  whether  duo  to  local  causes 
or  to  general  conditions  such  as  attend  non-compensated 
cardiac  lesions  ;  for  in  both  instances  the  blood  of  the  glome- 
ruli can  only  with  more  or  less  difficulty  be  renewed,  in  purely 
local  hypcricmia  owing  to  tho  obstacle  to  the  efflux  of  blood« 
and  in  cardiac  lesions  because  of  this  and  also  of  tho  abnor- 
mally reduced  supply. 

But  since  the  conditions  determining  all  these  varieties  of 
albuminuria  are  analogous,  though  their  fundamental  oaaaes 
differ,  the  urine  presents  in  all  approximately  the  same  ap* 
pearance.  At  least  it  is  scanty,  acid,  of  a  deep  colonr 
(except  of  course  in  anaemic  individuals),  and  has  a  slight 
albuminous  contents.  Only  the  urine  of  cholera  and  of  eclamp- 
sia, as  well  as  that  passed  after  complete  closure  of  the  artery, 
are  wont  to  contain  an  abundance  of  nlbumen  ;  in  tho  remain* 
ing  forms  there  is  never  more  than  one  or  at  most  two  part« 
in  the  thousand,  and  even  these  values  are  frequently  not 
attained,  only  a  moderate  cloudiness  being  produced  on  Ixjil- 
ing,  with  the  formation  of  a  few  delicate  flakes  when  the 
urine  is  allowed  to  stand.  Within  these  limits,  the  variations 
in  the  albuminous  contents  correspond  pretty  accurately  to 
the  duration  and  intensity  of  the  circulatory  disturbance  ;  ofi 
in  other  words,  the  glomerular  epithelium  heromes  mors  per* 
mcahle  to  albumen  the  less  the  f/uantify  of  arterial  hlood  JtoWi 
■ing  through  the  tufts  uj.  the  unit  of  time.  This  formulatioi 
harmonises  at  any  rate  with  the  explanation  of  these  forms 
of  albuminuria  adopted  by  us,  while  Haneberg  explains  thei 
from  his  standpoint  as  due  to  a  decrease  of  the  filtratioi 
proesure  or — in  venous  stagnation — to  a  rise  of  counter-pres- 
sure. At  bottom  it  would  almost  appear,  however,  as  thougl 
the  difference  between  the  two  views  were  not  so  importftat 
*  Senslor,  *  Viivb.  A./  Ixx,  p.  183. 
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for,  according  to  Runeberg  also,  the  process  of  filtration  is 
affected  by  the  variatious  of  pressure  and  counter-pressure 
simply  because  the  pores  of  the  membrane  become  larger  or 
smaller^ — because,  that  is,  the  constitution  of  the  membrane  is 
altered.  Nevertheless,  the  contrast  between  the  two  assump- 
tions is  obvious.  If  in  the  kidneys  we  had  to  deal  solely  with 
phyaical  alterations  in  the  condition  of  the  glomeruli^  it  is 
evident  that,  on  the  restoration  of  the  normal  circulation,  the 
albumen  must  at  once  disappear  from  the  urine,  while  from 
oar,  so  to  speak,  biological  conception,  it  follows  that  a  secre- 
tion of  non-albuminous  urine  will  no^  take  place  till  the  glome- 
rular epithelium  1ms  been  restoi-ed  by  the  renewed  supply  of 
an  abundance  of  blood  to  the  vascular  tufts.  Such  after- 
effects do,  as  a  matter  of  fact,  present  themselves.  Thus  it  was 
found,  in  Overbeck's  experiments,  that  many  days  may  some- 
times elapse  before  the  urine  becomes  free  from  albumen^ 
and  on  convalescence  from  cholera  the  nrine  is  normal  in 
amount  before  the  last  traces  of  albumen  have  disappeared 
from  it. 

That  the  urine  of  venous  stagnation  and  of  ischsemia  con- 
tains blood-corpuneles  as  well  as  albumen,  has  been  repeatedly 
stated.  Tbo  quantity  of  blood-corpnsclea  present  is  deter- 
mined essentially  by  the  intensity  and  duration  of  the  circu- 
latory disturbance.  They  are  consequently  most  numerous 
in  the  portions  of  urine  first  passed  after  an  attack  of  cholera 
and  in  the  secretion  of  persons  suffering  from  heart  disease — 
with  this  difference,  that,  in  accordance  with  the  form  of 
circulatory  disturbance,  there  is  a  preponderance  of  red  blood- 
corpuscles  in  the  urine  of  mechanical  hyperajmia,  while  in 
that  of  convalescents  from  cholera  and  of  eclampsia  colourless 
cells  are  also  present.  Bat  the  nrine  in  these  cases  as  a 
rule  contains  still  more  interesting  structures — so-called  «ri- 
narxj  caaiti.  By  urinary  casts  we  understand,  as  is  well  known, 
mci88€8  of  albumen^  which  have  acquired  a  solid  aggregate 
condition  inside  the  renal  tubules,  and  have  at  the  same 
time  accommodated  thcmselvos  to  the  lumiua  of  the  tubules« 
They  may  afterwards  be  "washed  from  the  spot  in  which  they 
were  formed  into  the  deeper  collecting  tubes  and  thence  into 
the  pelvis  of  the  kidneys,  and  be  ultimately  evacuated  with 
the  urine.      In  the  sediment  thrown  down  in  the  affections 
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under  discussion^  tbey  are  found  as  solid  cylindere^  differing 
greatly  in  length  and  breadth,  or  rather  in  thickness,  and 
also — what  is  more  important — in  colour  and  genenJ  appear- 
ance. In  the  urine  in  question,  except  that  of  cholera,  the 
consideration  of  which  may  be  advantageoafily  postponed  till 
we  come  to  discuss  nephritis,  the  casta  are  almost  exclusively 
hyaline;  i.e.  they  are  pale,  almost  homogeneous  cylinders 
with  a  very  delicate  outline  and  feeble  powers  of  refraction, 
and  are  always  few  in  number.  In  the  kidney  they  are 
usaally  met  with  in  the  straight  tubules;  both  narrow  and 
wide,  most  numerously  in  the  pyramids.  Such  hyaline  casts 
are  contained  in  small  numbers  in  the  urine  of  pyrexia,  in 
that  passed  during  lead  colic,  after  an  epileptic  seuEure,  and 
especially  in  the  urine  of  mechanical  hyperaemia.  As  to  the 
origin  of  the  hyaline  casts,  there  need  be  little  hesitation,  so 
far  as  I  see,  precisely  in  their  case,  in  regarding  them  as 
derived  from  the  albuminous  transudation  of  the  glomeruli. 
The  epithelium  of  the  urinary  tubules  is,  at  least  in  fresh, 
cases,  perfectly  intact,  and  in  experimentally  produced  me- 
chanical hyperaemia  as  well  as  in  fever,  the  casts  c^ake  their 
appearance  during  the  first  day  in  the  urine.  As  against 
this  view,  it  has  been  pointed  out  that  the  transudation  in 
venoas  stagnation  is  invariably  distinguished  by  its  feeble 
coagulability  ;*  but,  in  the  first  place,  it  accords  with  this 
that  the  casts  are  so  few  as  compared  with  their  number  in 
true  nephritis,  and,  in  the  second  place,  we  have  not  in  the 
urine  of  mechanical  hyperasmia  to  deal  alone  with  the  ordi- 
nary transudation.  That  coagulation  should  take  place  as 
soon  as  dissolved  albumen  and  corpuscular  elements  reach 
the  urinary  tubules  does  not  appear  to  me  to  be  anything 
remarkable,  while  the  fewness  of  the  casts  seems  to  perfectly 
correspond  with  the  scanty  transudation  of  albumen  and  blood- 
corpuscles,  t 

•  Senator,  *  Virch.  A./  Ix,  p.  476. 

t  On  the  subject  of  this  and  the  following  chapter  compare  further  the 
varionB  works  on  renal  diseases,  as  well  as  Bartels,  in  *  Ziemssen's  Handbuch/ 
ix,  Abthl.  I,  and  above  all  Traube's '  Ges.  Abhandl.,'  i,  ii,  1871,  iii,  1878. 
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The  urine  in  cholera. — Explained  from  the  dreulatory 
disturbance  occurring  during  the  attack. — Ghyluria, — 80* 
called  hsematogenoiis  albumiivuria. 

Pathological  conditions  of  the  epithelium  of  the  urinary 
tubules. 

In  the  foregoing  discussion  we  have  already  considered  the 
change  undergone  by  one  of  the  membranes  employed  in  the 
secretion  of  urine,  a  change  which,  it  is  true,  is  itself  to  be 
regarded  as  the  result  of  circulatory  disturbances.  But,  in 
addition  to  the  glomerular  tufts  and  their  epithelial  covering, 
other  membranes,  both  vascular  and  epithelial,  have  to  be 
taken  into  account :  amongst  the  former  we  have  to  consider 
the  capillary  network  surrounding  the  tubules  as  well  as  the 
larger  vessels,  more  especially  the  vasa  recta ;  while  of  the 
latter  the  epithelial  covering  of  the  urinary  tubules,  and  prin- 
cipally that  of  the  tubuli  contorti,  must  be  dealt  with.  Besides 
the  alterations  already  discussed,  the  secretory  membranes 
are  liable  to  others  of  a  different  and  much  more  severe 
character,  which  are  not  the  effects  of  circulatory  disturb- 
ances, but,  on  the  contrary,  bring  about  serious  alterations 
in  the  blood-stream.  In  commencing  the  study  of  the  in- 
fluence of  these  alterations  on  the  secretion  of  urine,  we  enter 
a  domain  in  which  the  results  of  physiological  experiment  can 
only  be  of  service  as  a  foundation  and  guide  to  our  discus- 
sions. For  the  office  of  the  physiologist  is  at  an  end  when 
he  has  succeeded  in  referring  to  each  of  the  factors  engaged 
in  the  normal  process  of  secretion  its  proper  share  in  the  work, 
while  the  disturbances  of  function  dependent  upon  the  abnor- 
mal behaviour  of  these  factors  have  for  him  a  merely  subor- 
dinate interest.  It  is  all  the  more  incumbent  upon  the 
pathologist  to  concern  himself  with  these  disturbances  of  func- 
tion, as  you  will  readily  admit  on  calling  to  mind  that  the  en- 
tire group  of  inflammations  of  the  kidneys  is  included  amongst 
them. 

Owing  to  the  deep  and  protected  situation  of  the  kidney 
it  is  very  rarely  injured,  while  simultaneous  injury  of  both 
kidneys  has  almost  never  been  observed.  Indeed,  traumatic  in- 
flammation is  the  very  last  form  that  is  suggested  by  the  word 
"  nephritis.^'     An  injury  of  the  kidney  usually  causes  the 
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mortification  of  a  smaller  or  a  larger  portion  of  tlio  organ,  and 
at  tbe  same  time,  as  a  rule^  the  laceration  of  Bome  of  the 
vessels.  The  ensoing  inflammation  is  either  very  moderate  in 
inteDBity,  leading  to  the  filling  up  of  the  defect  by  cicatricial 
connective  tissue^  whilst  the  necrotic  tissues  are  gradually  ab- 
sorbed, or,  if  its  coarse  is  less  favorable^  it  becomes  purulent, 
a  renal  abaeesa  is  formed.  The  immediate  effect  of  the  injury 
isj  accordingly,  the  presence  for  some  time  of  blood  in  the 
arine  ;  bnt  when  the  traumatic  htematnria  has  passed  oflf 
and  the  case  progresses  favorably,  the  urine  no  more  betrays, 
by  any  striking  symptom,  the  presence  of  the  slight  circum- 
scribed iufiammation  than  it  does  daring  the  disappearance 
and  healing  of  a  simple  embolic  infarct.  As  for  the  manner 
in  which  the  renal  function  is  influenced  by  traumatic  abscess 
of  the  kidney,  this  will  be  discussed  later  on  in  connection 
with  certain  forms  of  purulent  inflammation  which  do  not 
arise  in  consequence  of  a  trauma. 

There  are  only  two  paths  by  which  an  exciter  of  inflam* 
nation  can  reach  the  kidnoya  ;  by  means  of  the  blond-alream  or 
thraufjh  the  ureter  and  jielvis.  As  regards  the  first  path,  the 
kidneys  are  disposed,  perhaps  more  than  any  other  organ,  to 
iuflammatiuns  so  brought  about, because  they  are  the  channels 
through  which  are  excreted  the  noxious  materials  which  have 
in  any  way  entered  the  juices  of  the  body  and  are  not  therein 
destroyed  or  otherwise  disposed  of ;  this  applies  above  all  to 
matters  in  solution,  bnt  also,  as  we  have  seen,  to  some  formed 
ones.  Though  this  excretion  of  poisons  and  other  noxte  is 
highly  advantageous  to  the  body^  it  is  yet^  as  I  recently 
pointed  out,  attended  by  danger  to  the  kidneys.  Not  that 
all  such  excretion  and  every  passage  of  foreign  substances 
throngh  the  kidneys  are  dangerona  to  these  organs.  On  the 
contrary, curare,  morphia  and  quinine,  iron  and  iodine,  indigo- 
blue  and  carmine,  milk-globules  and  olive  oil  or  other  indif- 
ferent neutral  fata — ^in  short,  the  great  majority  of  all  dis- 
solved and  formed  constituents  pass  over  into  the  urine  with- 
out injuring  the  kidneys  in  the  slightest.  There  is,  however,  a 
number  of  substances  which  do  not  behave  so  innocently,  but, 
duriitg  Ihtfir  passngc  through  the  kidneys,  produce  more  or  less 
dinturhanct*  of  the  initgriiy  of  the  epithelia  or  veifsel  walh. 

On  attempting  to  follow  in  detail  the  possibilities  thna 
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arising^  we  find  that  the  first  part  to  be  seriously  exposed  is 
the  glomerulus  with  its  epithelial  covering.  Whether  a  far- 
ther distinction  must  here  be  made,  v  e.  whether  substances 
occur  which  are  adapted  to  injure  only  the  walls  of  the  vas- 
cular tufts  or  the  epithelium  alone^  the  present  state  of  onr 
knowledge  does  not,  in  my  opinion,  allow  of  our  forming  a 
proper  judgment.  That  one  is  possible  without  the  other,  I 
do  not  doubt ;  yet  the  distinction  is  without  practical  import- 
ance, since  every  considerable  alteration  of  the  one  part  gives 
rise  to  a  change  in  the  other.  The  next  to  be  threatened  is 
the  epithelium  of  the  tubules,  and  chiefiy  of  course  of  the 
tuhuli  contorti.  For  the  substances  which  have  filtered 
through  the  glomeruli  at  once  come  into  contact  with  the 
convoluted  tubes,  and  may  then  impair  their  integrity  just  as 
they  previously  did  that  of  the  glomerular  epithelium.  The 
noxious  materials  may,  however,  reach  the  epithelium  of  the 
urinary  tubules  in  another  way.  Any  one  at  least  who  re- 
gards as  couvinciug  the  evidence  brought  forward  by  Heiden- 
hain  in  his  well-known  essay,*  that  certain  substances,  e.  g, 
sodium  sulphindigotate,  are  excreted  solely  by  the  epithelial 
cells  of  the  urinary  tubules,  must  also  reckon  with  the  fact 
that  the  noxse  in  question  alter  the  epithelium  as  they  pass 
through  it.  In  this  case  they  must  first  have  passed  through 
the  corresponding  capillary  network,  the  walls  of  which 
may  also  become  affected  during  the  transudation.  This  of 
course  need  not  necessarily  happen ;  rather  there  is  much  to 
show  that  the  epithelium  is  more  sensitive  than  the  capillary 
walls.  On  the  other  hand,  it  must  not  be  forgotten  that 
severe  damage  to  the  epithelium  of  the  tubules  will  very 
quickly  influence  the  capillaries  in  immediate  contact  with 
them.  As  a  necessary  supplement  to  the  foregoing  con- 
siderations, will  yon  bear  in  mind  that  normally  the  renal 
vessels  are  never  all  equally  supplied  with  hlood,  nor  are  all 
the  tubules  equally  utilised  in  secretion  ?  For  the  consequence 
of  this  is  that  the  exciter  of  inflammation  never  at  the  same 
time  affects  each  and  all  of  the  glomeruli  or  urinary  tubules, 
so  that  the  occurrence  of  a  nephritis  involving  ectry  part  of 
both  kidneys  equally  can  hardly  tH*CMr.  As  a  matter  of  fact, 
you  wiU  veiy  shortly  hear  that  the  so-called  acute  difhise 
*  HeidcttlMun, '  PBug.  A./  ix,  p.  i. 
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nephritis  more  especially  is  certainly  not  dilEuse,  bat  on  the 
contrary  is  characterised  by  an  accumulation  more  or  less 
g^eat  of  circumscnhed  injlammtitory  fitri ;  and  even  in  the 
ozqaisitely  chronic  forms,  the  great  variety  of  the  appear- 
ances in  different  portions  of  the  kidneys  points  to  the  unequal 
origin  and  development  of  the  process. 

Wbiie,  then,  the  exciter  of  intlammation  first  affects  the 
glomeruli^  we  are  suflSciently  accurutely  acquainted  with  the 
nature  of  infiammatory  disturbance  of  the  circulation  to 
estimate  in  the  main  its  infinence  on  the  secretion  of  urine. 
Owing  to  the  fall  of  blood-pressure  and  decreage  of  velocity 
inseparable  from  every  inflammation,  which  take  place  in  ike 
glomeruli,  the  amount  of  urine  secreted  muet  necessarily  he 
reduced,  and  the  urea-contents  and  hence  the  specific  gravity 
be  relatively  great.  Wo  formerly  saw  that  the  glomerular 
epithelium  becomes  permeable  to  albumen  when  the  blood- 
pressure  is  lowland  to  this  factor  must  now  be  added  the  ab- 
normal pervioufiness  of  the  injlamed  vessels,  both  of  which 
together  allow  the  escape  of  conaiderahle  quantities  of  albumen 
and  corjntscular  elcmentM  from  the  blood  into  the  urine.  The 
urine  tuny  accordingly  be  described  somewhat  ad  follows  :  it 
is  always  diminished  in  volume  as  compared  with  the  normal, 
especially  at  the  commencement  of  the  disease,  and  some- 
times to  such  a  considerable  degree  that  only  a  few  hundred 
cnbio  centimetres  are  passed  in  the  twenty-four  hours.  Its 
reaction  is  very  acid  ;  its  specific  gravity  relatively  high  ; 
its  colour  deep  orange  to  red-brown,  or  an  intense  blood-red 
if  many  red  blood-corpuscles  are  present.  It  invariably  con- 
tains albumen,  and  in  much  greater  quantities  than  the  urine 
of  mechanical  hyperemia  or  pyrexia;  four  to  five  per  thousand 
is  something  very  common,  but  it  may  amount  to  1  percent, 
or  even  considerably  exceed  this.  The  albumen  of  this  urine 
consists  for  the  most  part,  but  not  exclusively^  of  serum^ 
albumen ;  other  albuminous  budies,  resembling  peptones, 
which  do  not  coagulate  on  boiling,  and  (jlohulimt  uia-y  usually 
be  detected  in  it.  Yet  this  is  not  a  characteristic  of  this  form 
of  nephritis  only,  for  in  all  the  other  varieties  the  urine  also 
usually  contains  both  serum-albumen  and  the  other  albumi- 
nous bodies  just  mentioned  ;  whtfiher  in  equal  amount  we  do 
not  know.     The  decision  of  this  undoubtedly  not  unimportant 
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question  must  be  left  tci  ilie  fnmre.  since  prerionfi  inTestigft- 
lions'*^  bare  failed,  not  sc>  mQch  owing  to  imperfection  of  tbe 
cLezcica-l  meibods  &e  t>o  iLe  uncerudLTv  of  tbe  clinical  dia* 
gnosis.  Fanbermore,  tbe  iirine  is  ci-MidT,  and  deposits  on 
^iiiitding'  a  fairlj  atmndaiji  sediment.  irLicb.  in  addition  to 
uTbte?.  consists  of  "wbii*  and  red  l-iood-corptiscles,  together 
wiiL  c-aFis.  eitber  bxaline  or  coniaininr  bjood-corpnscles  and 
conbequentlr  coloured.  Botb  birds  of  bj-ii-nd-coTpsscles  are 
inTariawT  present  in  ibe  sedicjeni.  Lni  tbeir  number  and  espe- 
cialJT  iLeir  relative  propcrticns  are  Terr  Tariaije.  In  general 
it  iLBT  be  said  ibat  tbe  cnantiTj  ci  red  biood-ccipuscles  in- 
creases wiib  tbe  seTeritj  of  tbe  disiets*.  The  vast  majority 
of  iLc  casts  are  bjaline.  and  tbe  graxiilar  and  epitbelial  rarie- 
tles  are  just  as  rare  bere  as  are  iinilr  degenerated  epitbelial 
cellt  bid  c::npound  grai.n:ar  cr-rT'Tisc-jes. 

Tie  Lt pearaiices  preseLted  \j tie  kid:2t-Ts  p:*!  mortem  are 
not  n  Lfct  :L.:t"bt  be  aiiicipated  rrcir.  :br  CvTidiiion  of  tbe  nrine; 
aid  ZL'a'-T  a  '.ce  vh.^  j-cgir  j  frciz  tie  ur:i.r  passed  during 
L'ft  Skiii  tie  -I'iLer  *Ti:_r:or:s.  Ls^  v\tk-c\^  t:i  see  in  tbese 
c&Hr^  &  t}  ;.:cal  Brlk'Lt's  kid^.-rj.  la.?  *f ::  tie  pjtt-morrem  room 
■niti.  a  ietliii'vf  c:5&pp:::.Ti:-ri.t.  Tlv  k:ir.cV5  are  scarcely 
e^liari'ed  ai-d  cf  normal  c-M-sistei-t-^  :  :Lct  are  scmetimes  a 
viv.d  :ed  f.-zi  the  surface  as  well  a;  \Z.  secrl:n.  but  more  fre- 
C'jti.-.>»-  the  cortti  has  a  grevlsb-vicle:  bze,  witb  wbicb  tbe 
Llu>l-r^d  jTraiiids  in  a  mtasTire  c-:i.TrasT.  Tre  clotnerali 
are  a^  a  rule  clearlj  cisrerLicle  as  red  d;:s.  ai.d  in  addition 
tc,  tL^n-  red  p:;i.:s  and  streaks  are  r-rest-nt  be?v-  and  tbere* 
Oi.  iilvr-.scif::  exaci^fcticT.,  a  more  cr  less  Luve  ntimber  of 
tLe  ta:i.e  hjaline  casts,  wnivb  are  reir^ilarlT  ::und  in  tbe 
urir-arr  sediment,  are  me:  ^iih.  chief  t  iz,  HrL-le's  lorrs  and 
tLe  c-.lei'ting  tubes.  Still  m.re  strikins:  is  tie  presence  of 
red  11  .■.•i-corpus:le5  ;  tresr  are  accrecstei  into  s::;al]er  or 
larger  ijliLdrii^l  clcmp?.  -roj-rTinir  the  lu=:i-&  c:  tbe  con- 
volnte^i,  aid  :i.:re  est-eciallT  the  s:ra'.c-t  orlltwlrkT  itibes. 
•  I*--A-r.  -  Y>'  XJ  xurL  7  1  j^ :  iWr^Ari:.  *  Tv  A  :.  k'ir.  M«h2-,* 
r.  p.  i:a :  Eil-rl*^.  ;;;i..  t-J,  : .  t  -  ;  Sfs*:vr.  •  V;r.': .  A .'  Ix.  -.  ^-v.  Aai  at 
jr**::er  ^*=.zt".  ii.  *  I*.  Al:-— Ln-rif  :-  ^wuritr.  v.r.i  Vnzkf^  Z^^tnaie/ 
Berlin.  i«a.  Kit.  :  :  Fiirr-S-^iijo?.  '  I^.  A  *  i..-  Me-Z  .'  xT-.i.  j,  419  ; 
P*tri,  •Y«:T-ri«  rzr  C'i.t=.;*  i«  E:we:siCAr::^."  Irv.:c-l>j»<':':..  Benin, 
1&76  ;  W»»ile*fkT,  •  P«*Tf :.  =i*c.  WA-b*aacir  .*  :?->.  >\v  :  i  :  Hc'Tnrln. 
-  O,  A.  t  klin.  M«ir'  mi*  P-  435  =  l*i«3*» '  K*«t:*  c>rn»«::«/  xSSo.  p.  335. 
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This  latter,  however,  is  not  a  constant  appearance,  and  can- 
not bo  anticipated  with  certainty  unless  the  urine  has  betrayed 
by  its  colour  its  richness  in  red  corpuscles.  Tbo  epithelium 
of  the  urinary  tubulos  has  a  somewhat  granular  aspect ;  a  few 
fat  drops  may  be  noticed  here  and  there,  especially  in  the 
cells  of  the  convoluted  tubes,  white  a  slight  multiplication  of 
the  nuclei  may  perhaps  bo  present  in  some  parts  of  the  intor- 
Btitial  tissue.  But  on  the  whole  neithtr  the  epithdium  nor  the 
interatitial  iutsue  prcsmitt  any  change  worth  tneniioning.  As 
to  the  parts  which  might  a  priori  be  expected  to  show  striking 
changes,  namely,  the  glomeruli,  there  is  not  much  to  record  of 
a  palhologico-histological  character.  Epithelial  defects  are 
occasionally  observable  in  them,  and  it  is  possible,  farther,  that 
the  swelling  and  loosening  of  the  glomerular  epithelium,  de- 
scribed by  several  writers,^  is  a  constant,  or  at  least  frequent, 
appearance  in  these  kidneys  ;  I  myself  have  seen  little  of  it 
in  the  cases  examined  by  me,  but  do  not  wish  to  attach  much 
importance  to  these  negative  results.  Yet  though,  as  wo  have 
seen,  the  anatomical  alterations  presented  by  these  kidneys, 
and  in  particular  by  the  glomeruli,  are  trifling  in  character,  I 
have  no  fear  that  you  will  regard  the  organs  as  perfectly  intact 
and  physiological.  For  you  are  perfectly  aware  that  in  fresh 
inflammations  the  microscope  fails  to  discover  any  distinct 
alterations  of  the  vessels,  so  that  the  existence  of  the  altera- 
tions mast  be  inferred  from  their  effects,  chiefly,  that  is,  from 
the  abnormal  exudation.  That  such  takes  place  from  the 
glomeruli  of  the  kidney  is  unequivocally  proved  by  the  urine, 
and  you  will,  I  believe,  think  me  justified  in  proposing  for 
this  form  of  inflammation  of  the  kidney  the  term  pure 
"  glomerulo-nephritis.*' 

You  will  have  few  opportunities  of  examining  this  form 
of  nephritis  anatomically,  since  it  is  only  exceptionally  that 
the  patient  dies  from  it.  In  reply  to  the  qaestion,  however, 
under  what  circumstances  it  occurs,  we  may  say  that  its  most 
typical  illustration  is  offered  by  scarlatinal  ntphr%t\»,  I  do 
not,  uf  course,  refer  to  the  slight  albuminuria  which,  as  in  so 
many  other  pyrexial  diseases,  appears  at  the  height  of  the 
process ;   1   have   in  mind  those  cases  in  which  the  urine 

*  Klehfl,  '  Kandlr.  d.  jMitluilog.  Anat.,*  i.  p.  644  :  Litten,  'Xeue  Charity 
AnnaUn/  W,  S.-A..  p.  33  ;  Lan^^hnDi, '  Vimh.  A./  Ixxvi,  p.  85. 
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acquires  the  above-described  characters  after  the  lapse  of 
two  or  three  weeks,  or  at  any  rate  of  a  considerable  timOi 
from  the  fading  of  the  exanthem.  It  was  on  a  few  rapidly 
fatal  cases  of  this  kind  that  the  foregoing  description  of  the 
kidney  was  based.  This  glomerulo^nephritis,  besides  following 
scarlet  fever,  also  sets  in,  though  much  more  rarely,  in  the 
train  of  other  infective  diseases.  Thus  it  may  occur  after  diph- 
theria, after  relapsing  fever,  after  erysipelas  and  pneumonia ; 
it  is  also  occasionally  observed  as  a  sequela  to  carbuncle  or  to 
septic  phlegmonous  inflammation.  Whether  this  form  of  ne- 
phritis occurs  as  an  independent  primary  disease,  e.  g,  as  the 
result  of  wetting  or  chilling  of  the  skin,  appears  to  me  pro- 
bable enough,  though  I  am  unable  to  certainly  afiBrm  it,  since 
I  know  of  no  post-mortem  of  the  kind.  I  have,  however,  seen 
it  in  exquisitely  typical  form  in  a  man  whose  skin  was  several 
weeks  before  death  smeared  and  rubbed  with  petroleutn  for 
four  days.* 

But  even  though  glomerulo-nephritis  is  rare  in  comparison 
with  the  other  forms  of  nephritis  immediately  to  be  described, 
its  theoretic  importance  is  not,  I  believe,  at  all  lessened  thereby. 
These  kidneys  are  excellently  adapted  for  the  elucidation  of 
the  causal  connection  of  many  symptoms.  As  regards  the 
reduced  volume  of  tke  urine,  in  the  first  place,  this  sign,  cha- 
racteristic of  many  renal  inflammations,  has  been  explained 
as  due  either  to  a  compression  of  the  urinary  tubules  by  in- 
terstitial exudations,  or  to  a  narrowing  of  the  lumina  of  the 
tubules  through  swelling  of  the  epithelium,  or  again  to  an 
occlusion  of  the  tubules  by  casts.  Now,  in  glomerulo-nephritis 
every  one  of  these  assumptions  must  be  rejected.  The  epi- 
thelium is  not  swollen ;  the  interstices  are  not  widened ;  while 
as  regards  the  presence  of  the  casts  in  the  interior  of  the  tu- 
bules, I  recently  remarked  (vol.  iii,  p.  1 1 29)  that,  in  my  opinion, 
the  connection  is  exactly  the  reverse ;  it  is  not  because  the 
coasts  occupy  tke  tubules  that  tke  urinary  secretion  is  reduced, 
but  it  is  because  the  urinary  secretion  decreases  that  the  ctists 
a/re  disposed  to  remain  seated  in  the  tubules.  The  truth  of 
this  appears,  I  think,  most  clearly  when  the  disease  takes  a 
turn  for  the  better ;  for  although  the  tubules  are  plugged  by 
large  numbers  of  casts,  the  increase  in  the  urine  is  sometimes 
*  Jamu,  *  Yinh,  A./  Ixxii,  p.  133. 
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Tery  abundant ;  the  more  powerful  urinary  stream  easily 
washes  away  the  casts.  On  the  augmentation  of  rolumej 
the  deep  colour  of  the  urine  is  exchanged  for  a  paler,  and 
the  specific  gravity  falls  to  loio  or  less, — telling  evidence 
that  the  considerable  concentration  of  the  urine  secreted  at 
the  commencement  of  tho  attack  is  essentially  due  to  its  small 
amount.  This,  as  you  at  once  notice,  agrees  excellently  with 
the  view  maintained  by  us,  which  regards  the  reduction  of 
pressure  and  velocity  in  the  inflamed  glomeruli  aa  the  cause 
of  the  reduction  in  the  amount  of  urine  secreted.  Moreover, 
with  respect  to  the  source  of  the  albumen  and  formed  consti- 
tuents of  the  urine,  it  is  not  easy  in  this  form  of  nephritis  to 
have  any  doubt.  By  following  Posuer's  method  and  throwing 
the  kidney  into  boiling  water,  the  coagulated  albumen  can 
be  recognised  with  tlio  greatest  certainty  between  the  vascu- 
lar loops  and  the  capsule  ;  and,  besides,  it  is  obviously  im* 
pO]>8ible  for  the  substances  referred  to  to  reach  the  urine  ex- 
cept from  the  glomeruli,  since  both  the  epithelium  of  tho 
urinary  tubules  and  the  interstitial  tissues  are  intact.  How 
greatly  the  increased  permeability  of  tho  glomeruli,  due  to 
the  inflammation,  favours  the  abundant  transudation  of  albu- 
men and  blood- corpuscles  has  already  been  pointed  out.  llsese 
kidneys,  however,  are  of  special  value  as  throwing  light  on 
the  origin  of  the  casts,  at  least  of  tho  hyaline  casts.  For 
precisely  as  in  mechanical  hyperasmia,  the  integrity  of  the 
epithelium  of  the  tubules  excludes  every  notion  that  it  is  con- 
rned  in  the  origin  of  the  casts.  Whether  the  swollen  and 
rhaps  desquamated  opithelinm  of  the  glomeruli  takes  part 
TOOgh  coagulation  in  the  formation  of  the  casts,  is  auother 
qoestion ;  the  possibility  should  not,  of  course,  be  rejected 
oif-hand,  and  must  be  reserved  for  further  investigation  to 
decide.  Till  then,  however,  we  may  nnhesitatiogly  maintain 
thut  the  hyaline  casts  consist  of  coagulated  material,  which 
has  been  deposited  in  the  tubuli  uriniferi  from  the  transuded 
albnmen,  under  tho  influence,  and  with  tho  co-operation  of, 
ooloorless  blood-corpusolei^,  similarly  transuded. 


However  sharply  cliaracterised,  according  to  the  foregoing 
deCcription,  this  form  of  nephritis  contined  almost  exctusivoly 
to  the  glomeruli  may  be,  it  is  easy  to  see  that  it  will  only  rarely 
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be  the  subject  of  clinical  obseryation^  and  still  more  rarely 
of  anatomioal  examination.  For  the  exciter  of  inflammatioii 
will^  as  a  rale,  affect  not  only  the  glomeruli  through,  which 
it  is  excreted,  but  the  epithelium  of  the  'urinary  tuhulea  with 
which  it  comes  into  contact.  It  would  not  be  inconceivable 
^er  se  that  some  noxse,  which  do  not  affect  the  glomeruli  and 
their  epithelium  during  their  passage,  should  damage  the  cells 
of  the  tubuli  contorti ;  while  for  those  who  regard  the  par- 
ticipation of  the  tubular  epithelium  in  the  excretion  of  many 
substances  as  proved,  this  is  no  longer  a  possibility  but  an  in- 
controvertible fact.  Many  writers  are,  in  fact,  convinced  that 
they  have  succeeded  in  experimentally  producing  through 
the  blood  severe  alterations  of  the  urinary  tubules  without 
inflicting  any  injury  on  the  glomeruli.  Kabierske*  found 
that  after  the  introduction  of  chromic  salts  under  the  skin  of 
rabbits,  the  epithelium  of  the  convoluted  tubes  was  converted 
for  longer  or  shorter  distances  into  a  mass  of  partly  grannlu'j 
partly  glistening,  flaky,  or  more  homogeneous  substance,  con- 
taining no  nuclei,  while  the  nuclei  of  vessels  of  the  glome- 
ruli as  well  as  of  the  epithelium  lining  the  tubuli  recti  were 
in  an  excellent  state  of  preservation.  A  precisely  similar 
coagulation-necrosis  of  the  epithelium  of  the  convoluted 
tubules  was  observed  by  Browicz  in  the  kidneys  of  rabbits 
after  poisoning  by  cantharides,  and  by  R.  Cohnt  after  the 
subcutaneous  application  of  aloin.  Further,  Lassar|  found 
that  when  petroleum  is  repeatedly  poured  over,  or  rubbed 
into  the  skin  of,  rabbits  there  is  developed  a  flaky  and  granular 
degeneration  of  certain  areas  of  the  epithelium  of  the  tubuli 
contorti,  which  fail  to  stain,  without  any  noticeable  changes 
in  the  glomeruli  and  remaining  vascular  apparatus.  Lastly, 
Litten§  has  demonstrated,  in  an  interesting  investigation, 
that  in  the  rabbit  ligature  of  the  renal  artery  for  from  an 
hour  and  a  half  to  two  hours  causes  coagulation-necrosis  of  the 
greater  part  of  the  epithelium  of  the  convoluted  tubes,  on  the 
re-establishment  of  the  circulation,  while  he  at  flrst  failed  to 
find  any  simultaneous  alteration  of  the  glomeruli.  The  coagu- 
lation-necrosis so  produced  is  distinguished  from  the  chromic 

•  "Weigert,  *  Vireh.  A./  Ixxii,  p.  254. 

t  R.  Cohn.  •  Berl.  klin.  Wochenachr./  1882,  No.  5. 

X  Iiauar, '  Yirch.  A«.'  Ixxvii,  p.  157. 

§  Litten, '  ZeitMhr.  f.  klin.  Med.,'  i,  Hft.  i. 
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and  other  forms  by  its  great  tendency  to  subsequent  calci- 
ficatiou.  But  however  well  tbese  results  agree  witb  one 
another,  and  though  I  am  not  disposed  to  raise  objections  to 
their  positive  side,  I  have  not  so  far  the  impressiou  that  all 
alteration  of  the  glomeruli  and  their  epithelial  covering  hns 
really  been  excluded  by  the  methods  of  examinatiun  and  tests 
applied.  In  addition  to  microscopic  examination,  which  could 
of  course  afford  no  evidence  as  to  a  possible  increase  of  per- 
meability, the  above-named  writers  have  been  content  with 
demonstrating  the  perviuusness  of  the  glomeruli  by  means  of 
post-mortem  artificial  or  vital  self-injection,  and  with  showing 
that  aniline-blue  soluble  in  water  does  not  diffuse  through  the 
walls  of  the  glomeruli.  That  this  is  an  adequate  teat  of 
function  may  certainly  be  disputed,  since  Herzog  proved  arti- 
ficially in  our  laboratory  that  this  colouring  matter  also  does 
not  diffuse  through  the  walls  of  vessels  altered  by  inflamma- 
tion. In  fact,  liittcn*  subsequently  convinced  himself  by  Pos- 
ner^B  method  that  his  former  statements  as  to  the  integrity 
and  physiological  condition  of  the  glomeruli  were  erroneous. 
Still  less  can  any  couclusions  be  drawn  from  these  experi- 
ments, with  regard  to  human  nepkritis.  For  when,  in  inflam- 
mation of  the  kidney^  we  find  marked  alterations  of  the  epi- 
thelium of  the  urinary  tubules,  it  may  almost  always  be  shown 
that  neither  the  Malpighian  tufts  nor  the  interstices  with  the 
meshwork  of  capillaries  are  intact,  while  in  the  experiments 
their  condition  was  expressly  stated  to  be  normal  by  the 
writers  in  question.  Let  us  first  consider  that  form  of  inflam- 
mation which  is  usually  briefly  called  <xcutc  nephritisj  inas- 
much as  it  is  comparatively  the  simplest  and  certainly  the 
most  recent.  It  is  also  termed  acuU  parenchyviatousj  acute 
hKmnrrhat^tc,  or  croupous  nephritu,  and  in  it  the  kidney  ia 
always  cnlari^ed  nnd  usually  also  kypersunic.  The  surface  of 
the  organ  is  smooth,  and  as  a  whole  is  dark  grey-red  in 
colour,  yet  on  closer  inspection  grey,  grey-red,  and  yellowish 
spots  are  found  alternating  with  one  another,  and  between 
these  a  larger  or  smaller  number  oi  puncti/orm  hwvtorrkagea 
are  regularly  present.  Corresponding  with  these  appearances 
there  is  likewise  found  on  section  a  mottlmg  of  the  cortical  suh^ 
9tan<ef  which  is  increased  in  size  and  its  finer  marking  blurred. 
•  Littea,  *Med.  Centralbl/  1880.  No.  9. 
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HerOj  too,  there  are  linear  and  dotted  patches  of  grej,  red> 
and  yellow,  and  also  punctiform  hesmorrliages,  beside  which 
the  glomeruli  are  as  a  rule  clearly  discernible.  The  con- 
sistency of  the  kidneys  is  somewhat  less  than  normal,  and  the 
organs  are  very  full  of  juice.  Yet  this  description,  while 
applying  to  the  decided  majority  of  cases  of  acute  nephritis, 
is  far  from  holding  true  of  all.  Weigert  is  perfectly  correct 
in  stating  that  cases  occur  in  which  the  hypersemia  is  absent,*^ 
In  these  the  superficies,  and  surface  of  the  section  are  pale, 
yellowish  grey  to  yellowish  white,  but  in  other  respects  they 
agree  perfectly  with  the  hypereemic  organs — in  the  enlarge- 
ment, flabbiness,  juiciness,  and  blurring  of  the  cortical  mark- 
ings ;  nor  are  the  punctiform  hssmorrhages  absent.  The 
medullary  substance  is  bluish  red  in  colour,  though  of  a  paler 
shade  than  in  the  hyperseimic  kidneys. 

As  regards  the  microscopical  appearances  of  these  kidneys, 
it  is  usually  said  that  the  interstices  of  the  cortex  are  enlarged 
and  infiltrated  with  round  cells.  But  if  by  this  statement  we 
are  to  understand  that  the  interstices  everywhere  present  these 
changes,  it  is  decidedly  incorrect.  For  many  portions  of  these 
kidneys  may  be  found  with  their  interstitial  tissue  perfectly 
normal  as  regards  amount  and  richness  in  nuclei,  and  in  conse* 
quence  vividly  contrasting  with  the  interstices  of  the  vicinity, 
which  are  actually  widened  and  infiltrated  by  numbers  of 
lymphoid  cells ;  hence,  however  numerous  these  latter  areas, 
the  interstitial  affection  is  without  exception  a  focal  one. 
Within  these  foci  you  will  always  find  evident  alterations  of 
the  epithelium  of  the  urinary  tubules.  Their  cells  are  con- 
verted into  lumpy,  glistening,  amorphous  masses,  or  they 
appear  as  if  broken  and  eroded  towards  the  lumen  ;  occa- 
sionally they  are  altogether  absent  and  their  place  taken  by 
colourless  or  red  blood-corpuscles.  The  remainder  of  the 
epithelium  presents  no  striking  pathological  changes,  if  we 
except  certain  fat-drops,  which  are  met  with  here  and  there  in 
the  cells  and  also  in  the  interstices.  In  the  hypersemio 
kidney  the  fatty  degeneration  is  always  trifling  ;  in  the  pale 

*  Weigert,  '  Yolkmann'sche  Yortr./  No6.  163,  163,  contaitu  the  mort 
accurat«  and  objective  pathologico-anatomical  acoonnt  of  Bright's  duesM 
with  which  I  am  acquainted,  and  on  it  mj  own  description  is  in  many  pAN 
tioalan  based. 
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kidney  it  is  asnally  more  pronoanced,  although  were  one  to 
infer  from  the  ydlowish-grey  colour  that  extensive  fatty 
degeneration  is  always  present,  this  would  only  lead  to  dis- 
appointment. The  hagmorrhages  which  are  apparent  to  the 
naked  eye,  are  situated  in  the  interstitial  tissue,  the  lumen  of 
the  urinary  tubules,  or  the  interior  of  Bowman's  capsules  in 
direct  proximity  to  the  compressed  glomeruli.  The  intra- 
capsular hajmorrhages  undoubtedly  point  to  the  involvement 
of  some  of  the  glomeruli,  a  conclusion  which  is  borne  out  by 
other  alterations.  Such  are  the  thickening  and  cellular  infil- 
tration in  the  immediate  neighbourhood  of  Bowman's  cnp- 
fiules,  owing  to  which  the  latter  are  occasionally  encompassed 
by  a  dense  zone  crowded  with  nuclei  and  cells;  further,  the 
swelling  and  loosening  of  the  glomerular  epithelium,  in  con- 
sequence of  which  the  single  cells  project  stud-like  into  the 
lumen  of  the  capsule  ;  lastly,  the  accumulatiou  of  round  of) 
flattened  cells  between  the  tuft  and  the  capsule.  This  last 
change  is  regarded  by  most  writers  as  the  expression  of  a  pro- 
liferation of  the  epithelium,  yet  it  does  not  appear  to  me  U>^ 
be  established  that  epithelial  cells  are  really  concerned  in  it. 
The  alterations  are  not,  it  is  true,  eqnally  distributed  over 
all  the  glomeruli ;  in  acutely  inflamed  kidueys  many  are  found 
to  be  quite  free  from  damage,  and  no  less  normal  in  appeaivi 
ance  than  are  numbers  of  the  interstitial  areas  and  great 
portions  of  the  urinary  tubules. 

It  is,  however,  the  a?tiology  that  influences  me  almost  mor^j 
than  these  pathologico-anatomical  changes  in  maintaining  the 
participation  of  the  glomeruli  in  the  inflammatory  process,* 
In  the  decided  majority  of  instances  acute  nephritis  is  a  se^i 
condary  affection,  i.  e.  it  appears  in  the  train  and  certainly 
under  the  influence  of  other  diseases  which  are  as  a  rule, 
though  not  always,  acute.  Of  these  diseases,  I  may  mention 
first  of  all  scarlet  fvver  and  diphtheria  ;  further,  relapsing 
fever ;f  then  septic  a,ndpijtemic  processes ^ pneumonia f  typhtut^'^. 
aaUe  rheumatism;   also  acute  and  chronic  valvular  endocar" 

•  Of.   WK^«r.  *<D.    Morbus  Bnghtti/'  in  Ziemwen's   'Haodb./  ix.  i. 
3  Aatl.,  1S83.  p.  (43.  et  ttq. 

t  Cf.  Obennej-or.  '  Vin^b.  A./  xlvil»  p.  161;  Ponficki  ibid,,  tx»  p,   r53i 
Wftpi»er,  •  U.  A.  £.  klin.  Mwl.,*  xxv,  p,  529. 

I  Lejden,  'ZlsiUr,  f.  klin.  Med.,*  iii,  Hft  i  ;  Wagnfr,  'Morb.  Brigbtii, 
p.  158. 
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ditis  ;*  probably,  too,  constitutional  syphiliSff  and  other  affec- 
tions. These,  yoa  observe,  are  the  same  infective  processes 
with  which  we  became  acquainted  as  causes  of  that  nephritis 
which  is  confined  exclusively  to  the  glomeruli ;  and  because 
of  this,  because  in  these  cases  the  virus  of  scarlet  fever  attacks 
the  glomeruli  so  violently,  it  appears  to  me  in  the  highest 
degree  improbable  that  in  so-called  acute  nephritis  the  epi- 
thelium of  tbe  tubules  should  be  damaged  and  the  glomeruli 
escape.  Bather,  acute  nephritis  is,  in  my  opinion,  a  mere 
quantitative  increase  of  that  form  which  webave  termed //Zome- 
Tulo-nephritis.  While  in  the  latter  the  glomeruli  alone  are 
affected  by  the  noxa  and  the  epithelium  of  the  tubules  escapes, 
in  acute  Bright's  disease  the  glomeruli  and  subsequently 
the  epithelium  are  more  or  less  seriously  involved,  and  as  a 
result  of  tbe  implication  of  the  latter  the  interstices  and  the 
capillary  network  are  sympathetically  affected.  Should  it, 
accordingly,  appear  to  some  of  you  to  be  of  advantage  to 
speak  of  two  stages  rather  than  of  two  forms  of  acute  ne- 
phritis, I  can  raise  no  objection  j>er  se  ;  yet  yon  will  presently 
hear  that  the  same  consideration  applies  to  all  the  other  forms 
of  nephritis,  so  that  so  long  as  different  forms  continue  to  be 
distinguished — and  this  is  certainly  to  be  desired  for  sake  of 
clearness — we  must  accept  as  one  of  them  glomerulo-nephritis 
with  its  well-marked  clinical  and  anatomical  characters. 
From  this  standpoint  it  will  now,  however,  be  quite  clear  to 
you  why  1  formerly  hesitated  to  assert  the  existence  of  an 
independent  or  primary  glomerulo-nephritis.  An  independ- 
ent acute  nephritis  is  not  only  positively  demonstrated,  but 
is  a  comparatively  common  disease.  To  say  nothing  of  the 
fact  that  it  has  repeatedly  been  observed  after  severe  poison- 
ing with  cantharides,  turpentine,  and  copaiva,  and  has  been 
produced  experimentally  by  cantharides  in  rabbits  and  dogs,{ 
all  observers  have  long  been  agreed  that  precisely  this  acute 
form  of  renal  inflammation  is  called  forth  by  sudden  chilling 
or  wetting  of  the  skin,  especially  when  the  body  is  heated  and 

*  Of.  Kleba,  '  A.  f.  exper.  Patbolo^?.,*  iv,  p.  437,  ei  9eq. ;  Bamher^r, 
'  Volkm.  Vortr./  No.  173 ;  Wagner. '  D.  A.  f.  klin.  Med.,*  xxv,  p.  5*9. 

t  Wagner*  '  D.  A.  f .  klin.  Med.,'  xxviii.  p.  94. 

{  Gomil, '  Compt.  rend.,'  xc,  p.  536  ;  *  800.  d«  ^aa.  3i8t,  1880 ; 

P.  Boa,  ■  Oveidiffnr'  '.'  Lung-Diner  ' ;  Staler,  *  D. 
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bivtlied  in  perspiration.  Trae^  we  are  at  present  quite  ignorant 
of  the  causal  connection  between  the  cliilling  of  the  slcin  and 
the  nephritis,  chiefly  uo  doubt  because  the  question  has  not 
hitherto  been  snccessfully  grappled  with  by  experimental 
means.  The  albuminuria  settiug  in  in  rabbits  after  varnishing 
of  the  skin  does  not  depend  on  nephritis;  and  while  decided 
lesions  of  the  kidneys  follow  innnction  with  various  oils,  their 
occurrence,  as  Lassar*  has  recently  shown,  is  to  be  attributed 
8olt?ly  to  the  fact  that  these  oils,  after  being  absorbed  through 
the  skin,  damage  the  tissues  of  the  kidneys  during  their  ex- 
cretion. It  is  perhaps  more  to  the  point  to  recall  the  obser- 
vations repeatedly  made  that  an  acute  nephritis  occurs  in  the 
train  of  tedious  puBtular  and  eczefnatous  affecixona  of  ike  akinf 
as  well  as  of  -pemphigtu  and  chronic  cutaneous  ulcers.  Sal- 
violif  has  indeed  succeeded  in  artificially  producing  this  form 
of  nephritis  in  dogs  by  Buccessively  painting  different  por- 
tions of  the  skin  with  croton  oil  bo  as  to  keep  up  for  weeks 
a  pusitdar  eczema.  Now,  I  am  not,  it  is  true,  disposed  to 
see  anything  more  than  a  very  remote  analogy  between  these 
true  cutaneous  inflammatory  affections  and  the  process  taking 
place  on  chilling  of  the  t^kin  ;  but  even  though,  as  we  readily 
admit,  the  actual  factor  by  which  the  chill  proves  dangerous 
to  the  kidneys  is  unknown,  it  would  be  over-sceptical  to  deny 
the  force  of  observations  such,  for  example,  as  that  communi- 
cated by  Bartels.l  When  nephritis  develops  during  preg- 
nancy it  appears  to  me  to  be  mostly  of  this  acute  form — to 
jadgo  at  least  from  the  recorded  descriptions,^  which  un- 
fortunately I  am  cot  in  a  position  to  verify.  In  the  bodies 
examined  by  me  of  women  who  died  of  eclampsia,  with  oli- 
guria, hodmaturia,  and  albuminuria,  I  have  not,  as  1  recently 
stated,  discovered  unmistakable  sig^s  of  inflammation.  More- 
over, we  do  not  know  the  agent  on  which  the  nephritis  of 
pregnancy  depends.  But  if  the  clinical  and  anatomical  fea- 
tures of  these  primary  forms  of  nephritis  are  precisely  the 

•  n.  Cohn.  'Bcrl.  hlin.  Wix.tumsehr/  iSSa.  No.  g. 

t  Wftgner,  ibid.,  p.  180  ;  SalvioH. '  Apch.  p.  1.  Bcienze  inoil./  iii,  No.  13. 

I  Cf.  French*.  I  c.  p.  1 50;  bartels,  •  If&udb..'  p.  336  ;  Wagiier,  '  Morb. 
Brightii/  p  1S5. 

§  Cf.  Litxtnaiin.  *  Doutsch.  Klinik,'  1852,  Noa.  19  to  31 ;  1855,  No*.  39, 
30.  Cf.  Lcjden,  •  Ztuchr.  f.  klm.  Me*)./  ji.  p.  173,  who  ui  jast  n*  litll*  con- 
viacsd  u  I  am  of  the  inflainmatoTy  nature  of  the  renAl  affectioa  of  pregnAncy. 
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same  as  occur  in  the  secondary,  after  scarlet  fever,  &o.,  we 
may  fairly  conclude  tHat  they  arise  in  the  same  way,  i.  6« 
that  the  unknown  cause  first  affects  the  glomeruli  and  after- 
wards the  epithelium.  But  if  this  be  so,  we  may  theoreti- 
cally assume  the  existence  of  an  independent  glomerulo- 
nephritis as  a  kind  of  first  stage  in  these  cases  also ;  though 
this  conclusion  is  unsupported  by  anatomical  evidence,  because, 
it  would  appear,  the  acute  nephritis  does  not  in  this  stage 
destroy  life. 

The  view  of  acute  Bright's  disease  just  expounded,  accord- 
ing to  which  it  is  a  glomerulo- nephritis  intensified  by  the 
implication  of  the  epithelium  of  the  urinary  tubules  and  the 
interstitial  tissues,  greatly  simplifies  the  understanding  of  the 
functional  disturbance.  For  it  follows  therefrom  that  the 
urine  must  possess  all  those  peculiarities  which  an  inflamma* 
tory  alteration  of  the  glomeruli  would  produce.  As  a  matter 
of  fact,  while  the  process  is  at  its  height  the  urine  is  scanty, 
and  in  very  bad  cases  may  be  completely  suppressed ;  its 
specific  gravity  is  high,  its  reaction  add,  while  in  colour  it 
varies  from  a  reddish  yellow  to  a  deep  hhod-red  ;  it  always 
contains  considerable  quantities  of  albumen,  and  even  when 
passed  is  cloudy,  owing  to  the  presence  of  numerous  red  and 
colourless  blood-corpuscles  and  other  corpuscular  masses,  which 
when  the  urine  is  let  stand  accumulate  as  sediment.  On 
more  closely  examining  this  sediment,  it  is  found  to  contain 
—besides  colourless  and  red  corpuscles,  from  some  of  which 
the  colouring  matter  is  extracted — numerous  long  and  short, 
narrow  and  wide  hyaline  casts,  as  well  as  some  reddish-yellow 
ones,  the  latter  more  especially  if  the  urine  is  markedly  blood- 
coloured.  In  addition  there  is  present  a  larger  or  smaller 
number  of  morphotic  elements,  which  are  rarely  and  only 
exceptionally  met  with  in  the  urine  of  glomerulo-nephritis. 
These  are  single  renal  epithelial  cells  and  short  and  longepi- 
thelial  casts,  t.  6.  fragments  of  tubes,  consisting  of  epithelial 
cells  which  have  been  loosened  en  7nasse  from  the  membrana 
propria  and  washed  away  by  the  urine  ;  the  cells  in  question 
retain  their  normal  habitus  or  contain  fat-drops ;  and,  lastly, 
we  find  granular  casts.  It  is  unnecessary  to  say  that  all  these 
casts  may  be  occupied  by  blood-corpuscles  or  urates. 

If  we  now  consider  the  pathologico-anatomical  differences 
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between  acute  Bright's  disease  and  glomemlo-nephritis  in 
relation  to  tHe  condition  of  the  urine  jnst  described,  it  is 
natural  to  connect  the  epithelial  and  granular  casts  with  the 
alterations  of  the  epithelium  of  the  tubuli  uriniferi.  As  for 
the  epithelial  casts,  this  connection  cannot  reasonably  be 
doubted ;  and  the  view,  which  has  lately  been  repeatedly 
urged,  that  the  granular  casts  also  consist  of  material  de- 
rived  from  the  tubular  epithelium  has  unquestionably  much 
to  support  it.  Mortification  of  the  epithelial  celts  over  a 
larger  or  smaller  area  by  the  nox8B  passing  into  the  urine  is 
not  only  easily  intelligible  but  directly  demonstrated  by  the 
microscopical  appearances ;  in  the  urinary  tubules,  however, 
if  anywhere,  there  is  no  lack  of  lymph  circulating  around  and 
through  the  epithelial  cells,  or  of  colourless  corpuscles,  by 
which  the  epithelial  elements  might  be  converted  into  coagu- 
lated material.  Bat  if  this  interpretation  be  correct  the  pro- 
cess engaging  our  attention  has  an  unmistakable  analogy  to 
croup  of  the  mucous  membranes,  where  the  epithelium  which 
is  not  shed  undergoes  coagulation-necrosis.  The  term  "  croup- 
oas  nephritis  "  is  consequently  justified  in  an  almost  un- 
expected fashion ;  and  not  only  so,  but  this  view  opens  up  a 
new  and,  I  think,  significant  perspective.  For  just  as  in 
croup  of  a  mucous  membrane,  when  after  death  of  the  epi- 
thelium the  fluid  exuded  from  the  vessels  of  the  stroma 
appears  on  the  free  surface  and  there  takes  part  in  the  for- 
mation of  the  fibrinous  pseudo-membrane,  do  not — we  may 
inquire  in  the  present  instance — colourless  corpuscles  and 
coagulable  albuminons  transudation  pass  from  the  surround- 
ing capillary  network  into  the  interior  of  the  tubules,  and 
thus  contribute  not  only  to  the  albuminuria  but  to  the  produc- 
tion of  hyaline  ** fibrinous  casts  "  ?  It  is  in  this  way,  in  fact, 
that  the  writers  above  named  explain  the  albuminuria  mu\ 
casts  which  are  invariably  present  in  poisoning  with  chrnmio 
salts  and  petroleum  ;  and  Weigert*  also  considprs  ih\n  liypn* 
thesis  the  more  probable,  as  a  specially  abiindftnt  aUMuniniifHl 
is  very  frequently  associated  with  a  specially  extPTi-^iTp  It^dl 
of  epithelium.  We  also  shall,  I  tliink,  willififfly  Rdt'pf;  fhW 
possibility,  although,  as  I  need  hardly  ropenf,  iyp  r1t«H*ifelljF 
reject  the  notion  that  the  procoi^won  tnklt**'  ■* 

•  Weigert.  'Volkm»nnVli«>  Vnrtr,/  Nt*. 
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urinary  tubules  and  surrounding  capillaries  constitnte  the 
only  source  of  tlie  albumen  and  morphotio  elements  in  acute 
inflammation  of  the  kidney.  An  extensive  loss  of  epithelium 
signifies  at  bottom  simply  a  severe  inflammation,  and  since  very 
many  glomeruli  will  then  be  very  markedly  affected,  we  may 
without  violence  refer  the  unusually  profuse  excretion  of  alba* 
men  to  this  cause  also. 

Though  a  great  part  of  the  history  of  acute  nephritis  is 
hypothetical  and  requires  to  be  cleared  up,  we  have  always 
in  such  cases  to  deal  with  true  inflammations,  called  forth  by 
a  definite  agent  or  accident,  often  of  unknown  nature,  the 
resulting  affection  running  the  course  usually  followed  by 
acute  infiammations.  Acute  Bright's  disease  either  caoBes 
death  in  a  short  time  if  the  functional  disturbance  continaea 
or  becomes  aggravated,  or  a  gradual  improvement  sets  in 
after  a  longer  or  shorter  period.  In  the  latter  case,  the  urine 
gradually  increases  in  volume  and  consequently  becomes  paler 
and  of  lower  specific  gravity  ;  the  albuminous  contents  grow 
less  and  less,  while  the  sediment  constantly  diminishes,  till 
finally  the  amount  and  constitution  of  the  urine  are  again  per- 
fectly normal.  This  course  of  events  is  quite  familiar  to  us,  aa 
observed  often  enough,  mutatia  mutandis,  in  the  true  inflam- 
mations of  all  kinds  of  organs,  and  it  were  greatly  to  be 
wished  that  the  intimate  conditions  of  the  remaining  forms 
of  nephritis  were  equally  intelligible.  The  characteristio 
feature  of  thcso  forms,  serving  at  any  rate  to  sharply  dis- 
tinguish them  from  those  already  discussed,  is  their  chronic 
city.  Moreover,  they  are  wont  to  set  in  as  exquisitely 
chronic  inflammations  and  to  run  a  chronic  course  ;  and  only 
in  exceptional  cases  does  the  commencement  of  the  disease 
date  from  an  acute  nephritis  after  scarlet  fever  or  the  like. 
In  the  latter  event,  it  is  certainly  conceivable  that  the  in- 
flammatory alteration  of  the  glomeruli  and  tubular  epithelium, 
brought  about  by  the  virus  of  scarlet  fever,  was  of  such 
severit}'  as  to  render  it  impossible  for  the  organism  to  speedily 
overcome  the  disease,  though  not  so  severe  as  to  produce  a 
rapidly  fatal  result.  Bright's  disease  may  originate  acutely 
and  thus  be  prolonged  for  many  months,  till,  after  the  lapse 
perhaps  of  a  year,  it  terminates  either  in  death  or  recoTery. 
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In  the  groat  mujority  of  chronic  renal  inflammationaj  how- 
ever^ no  Buch  flHsumption  can  be  entertained^  because,  a8 
already  stated,  their  origin  and  course  is  so  insidious  that  it 
is  not  poisible,  as  a  rule,  to  fix  the  commencement  of  the 
disease.  In  order  to  explain  these  forms,  we  are  compelled^ 
60  far  as  I  see,  to  assume  etiher  the  continued  presence  in  the 
tyrgatiiam  or  kidneys  of  certain  exciters  of  irijlammatum,  or  to 
believe  that  d*fmiie.  xnjyrious  influences,  which  need  not 
perhaps  in  themselveti  be  speoially  intense,  arti  very  frequently 
repeated.  These  two  categories  do,  in  fact,  include  the  prin* 
cipal  factors,  which  have  long  been  recognised  as  causes  of 
chronic  renal  inllammation.  On  the  one  hand,  we  have  gout, 
malaria,  and  co^iHituttonal  jtyphilis ;  and  on  the  other,  chronic 
Uad-poifoning^  the  frequent  consumption  of  alcoholic  drinks, 
and  repeated  chilling  and  wetting  of  the  entire  Kkin,  or  of  parts 
of  it>  e,g,  the  feet.  Our  judgment  of  these  important  qaestions 
is  unfortunately  hampered  by  a  variety  of  ciroumstances. 
One  great  defect  which  deprives  the  numerous  statistical 
oonclasions  of  much  of  their  value  is  the  failure  to  pay  suffi- 
cient attention  to  amyloid  disease  of  the  kidneys,  with  regard 
to  which  you  will  presently  hear  how  it  influences  the  con- 
stitution and  function  of  the  organs.  It  is  impossible  noir 
to  say  how  many  ca^es  of  chronic  nophritis,  stated  to  have 
arisen  on  a  tubercular  or  syphilitic  basis,  or  underthe  influence 
of  malaria,  would  remain,  were  the  examples  of  amyloid 
disease  discarded.  Moreover,  the  habitual  indulgence  in  an 
excess  of  alcoholic  drinks  is  so  widely  prevalent,  especially 
amongst  the  inhabitants  of  large  towns,  that  too  much  import- 
ance should  not  be  attached  to  the  frequent  occurrence  of 
chronic  Bnght's  disoase  in  dj;iukcrs ;  and  at  any  rate  it  is 
certain  that  while  chronic  gastritis,  clouding  of  the  pia,  or 
hepatic  changes  are  found  in  the  great  majority  of  inveterate 
drunkards,  their  kidneys  arc  mostly  in  an  excellent  condition, 
being  large,  firm,  and  supplied  with  an  abundance  of  blood. 
Of  the  morbid  conditions  of  the  organism  which  there  is  a  dis- 
position to  place  in  causal  connection  with  chronic  nephritis, 
there  accordingly  remainjs  only  gout,  and  of  the  frequently 
recurring  uoxw,  besides  lend  poi  nly  the  chilling  of 

le  skin.      But  unfortunately  thtc.^  •-■  '='v»'r  un-nat 

may  estimate  their  importance,  g 
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the  cases  of  chronic  nephritis  which  actually  come  under 
obserratioD  ;  and  evon  if  wc  have  recourse  to  extensive  and 
severe  ecleroittit  of  the  renal  arteries  for  the  explanation  of 
a  number  of  exquisitely  chrouio  examples,  there  yet  remain 
not  a  few  instances  in  which  we  are  enable  to  point  ta  any 
palpable  cause. 

That  these  chronic  renal  nfiPections  are  really  actual  and 
genuine  examples  of  nephritis  wo  are  most  unmistakably 
taugiit  by  the  anatomical  appearances.  Two  types  of  chronic 
Bright's  disease  have  been  distinguishedj  mainly  by  English 
writers,  and  amongst  German  pathologists  Bart-els  has  most 
unreservedly  accepted  their  couclusionB.  These  types  are 
not  only  very  different  when  fully  developed,  but  arc  asserted 
tit  have  nothing  iu  common  in  their  gt-nesis  ;  they  are,  namely, 
the  "  large  white  kidnetf/'  called  by  Bartels  "chronic  piren- 
chymatouB  nephritis,"  and  *'  Uie  red  contracted  kidn«^**  corre- 
sponding to  our  corUmct^-d  or  gmntdar  kidney.  Yet  Bartels 
and  his  predecessorSj  in  carrying  out  this  sharp  distinction 
through  all  the  clinical  details,  have  failed  to  gnard  against 
the  inclusion  of  amyloid  disease  of  the  kidney  with  pure  and 
uncomplicated  chronic  nephritis  ;  and  thus  it  has  come  aboat 
that  the  picture  painted  by  Bartels*  of  his  chronic  paren* 
chymatouH  nephritis  applies  in  all  eseontials  to  amyloid 
nephritis  and  only  exceptionally  to  pure  Bright's  disease. 
Chronic  nephritis  does  really  present  itself  post  mortem 
in  different  forms;  and  were  it  desirable  to  bet  up  a  special 
type  for  each,  it  would  be  easy  to  construct,  not  two,  but  five 
or  six  or  more,  even  if  we  were  only  to  take  into  account 
the  considerable  differences  in  site,  colour,  cotieistence,  con* 
dition  of  the  surface,  &c.  Xet  these  striking  naked^eye 
differences  are  not  represented  by  equally  great  microscopical 
ones  ;  rather  the  differences  with  which  we  have  to  deal,  as 
"Weigertt  rightly  recognised  and  clearly  stated,  are  not  so 
much  fundamental  as  gradual  ones:  the  granular  kidney 
simply  ropreBonts  a  much  more  advanced  stage  of  the  disease 
than  tho  large  chronically  iuHamed  kidney.  Moreover,  the 
sharp  distinction  and  contnu^t  drawn  between  a  "  parenchy* 
matous  *'  and  an  "interstitial"  nephritis  dt»ee  not,  aa  yon 

•   B»rti»lii,  I.  P,.  p.  J90,  ft  0tq> 

t   Wfi^rt,  •  V»lkrnttim'Khr  Vortr-/  Ho».  t63,  163. 


ANATOMICAL   APPKABANCES    IN    CHROKIC    NEPHRITTS.     1177 


will  shortly  hear,  bear  the  light  of  an  unprejudiced  micro- 
Bcopio  investigation ;  and  thns  we  again  a.pproiich|  in  the  revo- 
lution of  science,  the  standpoint  taken  up  by  Bright  in  his 
celebrated  researches,  and  subsequently  by  Roinhardt  and 
Frerichs,  namely,  the  unity  of  true  nephriiiit,  I  wish,  how- 
ever, to  warn  you  most  emphatically  against  so  far  following 
the  view  of  the  writers  just  named,  as  to  regard  the  different 
forms  of  nephritis  as  different  following  stages  of  the  inflam- 
matory process.  In  the  case  of  glomerulo-nephritis  and  acute 
Bright's  disease,  this,  as  I  remind  you,  would  ceiiiainly  be 
admissible,  and  it  may  also  occasionally  happen  that  an  un- 
doubted case  of  acute  nephritis  becomes  chronic  and  perhaps 
terminates  in  contraction.  This  is  not,  however,  the  usual 
eoprse.  The  rule  is  that  persons  suffering  from  acute  Bright's 
disease  either  die  or  recover;  while  the  very  great  majority 
of  chronio  renal  inflammations,  as  has  already  been  stated 
repeatedly,  run  from  the  very  commencement  an  exquisitely 
insidious  course,  without  any  acute  stngo  whatevtrr.  And 
with  reference  to  the  chronic  forms  also,  it  would  be  quite  erro- 
neous to  suppose  that  granular  atrophy  is  always  preceded 
by  a  stage  of  enlargement;  if  such  cases  occur  at  all,  they 
are  certainly  exceptional.  It  is  true  indeed  that  if  we  find 
granular  kidneys  in  the  dead  body,  we  must  date  the  com- 
mencement of  the  nephritis  further  back  than  if  we  meet 
these  organs  in  a  condition  of  morbid  enlargement.  But  this 
does  not  at  all  justify  us  in  concluding  that  the  kidneys  mnst 
have  been  enlarged  before  they  atrophied.  On  the  contrary, 
one  may  perhaps  formulate  the  proposition  in  this  way,  and 
say  that  the  process  only  then  leads  to  complete  granular 
atrophy  when  it  runs  such  a  slow  and  insidious  course  that 
the  kidneys  never  undergo  an  actual  increase  of  volume. 

Let  ns  now  turn  to  the  pathologico-anatomical  details  of 
chronic  Bright's  disease.  In  the  bodies  of  individnals  who 
have  shown  sjnnptoms  of  an  inflammatory  renal  affection,  aa 
evidenced  by  the  state  of  the  urine  and  other  conditions,  for 
a  period  varying  from  six  months  to  a  year  or  perhaps  some- 
what longer,  we  occasionally  find  the  kidneys  in  the  following 
condition.  The  organs  are  more  or  less  »icollcfi  and  have 
a  Bfnooih  surface  which  as  a  whole  is  a  dark  greyish  red  in 
colour,  but  is  mottled  with  yellow  or  yellowish-white  spots; 
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tbe  surface  of  tbe  section  U  similarly  mottled,  and  the  eortieiU 
niarkiu^B  are  blurred  :   in  fact  the  organs  are  distJi  '    d 

from   the  acutely  inflamed  kidneys  only  by  tbeir  ^  --t 

gTcaier  Jiminesnj  for  the  heemorrhagic  points  and  Btripes  are 
also  present.  More  frequently,  however,  we  meet  under  these 
circumhtauces  wilh  kidneys  which  perfectly  agree  with  tho»e 
just  described^  except  that  instead  of  being  red  or  greyish 
rod  J  their  cortex  and  therefore  surface  are  paU — yellowish  or 
yellituHMh  white — while  the  pyramids  are  sharply  marked  off 
from  the  cortex  by  their  bluish-red  colour.  These  two  forma^ 
termed  by  Weigert*  chronic  hxworrhagir.  nephrifU,  are  dis* 
tinguished  from  each  other  on  microscopic  examination  only 
by  the  more  maxked  fatty  degejuratioti  of  the  epitlieltum  and 
of  the  interstitial  tissues  in  the  pale  kidneys,  excupt  that  the 
blood-contents  are  of  course  unequal;  but  allthe  other  changes, 
which  are  functionally  much  more  important,  are  precisely 
eimilar  in  both.  These  alterations,  however — to  refer  t^  this 
point  at  once — are  never  ditfusod  over  the  entire  organ,  hut 
occur  in  distinct  patches,  though  many  of  the  larger  patches 
come  into  contact  by  their  prolongations.  In  tbe  foci,  no 
portion  of  the  renal  tissue  escapes  the  disease.  Some  foci 
select  the  glomaruli,  where  we  find  intrs^capsular  hoemor* 
rhages,  loosening  of  the  epithelium  and  proliferation  of  the 
nuclei  of  tho  capsules;  in  some  glomeruli  there  are  further 
alterations,  namely  their  compression  and  conversion  into 
spherical  masses  of  counoctive-tissuo  with  few  naclei ;  while 
around  the  capsules  more  or  less  large  masses  of  unmistak* 
able  connective  tissue,  mostly  abounding  in  nuclei,  are  found. 
The  foci  conditioned  by  diseased  urinary  tubule*  are,  how- 
ever, larger  and  more  numerous.  Here  we  have  nob  to  do  so 
much  with  fatty  degeneration  of  the  epithelium,  which  is  much 
laiore  marked  outside  the  foci,  as  with  atrophy  and,  most 
frequently,  complete  destruction,  loss  of  the  epithelium.  The 
urinary  tubules  are  considerably  narrowed  in  consequence^ 
and  around  them  the  normal  interstitial  tisaue  is  replaced 
by  more  or  less  thick  miuises,  which  in  many  spots  are  closelj 
packed  with  round  cells,  but  in  many  others  cousiat  of  ^6n7- 
laUd  connectivti'luisuif  poor  in  ct.lU  and  nuclei.  Here  and 
there  the  walls  of  some  of  the  tmalier  arteriett  show  slight 
•  Wdgcit,  *  Vlnlu  A.;  lis,  p.  600; '  VoLkoi.  Vurtr^'  p.  6.  e(  tfr;. 
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degrees  of  that  adcrotic  ikichening^  which  they  are  bo  prone 
to  develop  when  participating-  in  tho  chronic  inflammatory 
processes  teking  place  in  their  vicinity.  As  already  stated, 
these  changes  are  all  equally  present  in  the  red  and  pale 
kidneys,  and  if  we  regard  them  as  the  essential  pathologico* 
anatomical  appearances,  I  cannot  see  why  the  two  forms  should 
be  separated.  There  can  be  no  doubt,  in  fact,  that  tho  more 
pronounced  fatty  degeneration  is  solely  the  result  of  the  re- 
duced supply  of  arterial  blood  ;  and  this  reduction  is  com- 
prehensible enough  on  reflecting  how  great  are  the  resistances 
interpolated  by  the  inflammatory  process  even  at  tho  com- 
mencement of  the  renal  vascular  system.  The  greater  tho 
number  of  glomeruli  affected  and  tho  more  severe  the  circula- 
tory disturbance  in  them,  the  more  will  the  retardation  of  the 
atrenm  prevail  over  the  hyperaemia,  and  the  less  will  bo  tho 
bloud-Hupply  to  the  entire  organ. 

Yon  now  perceive  how  correct  I  was  in  stating  that  the 
attempt'  to  draw  a  fundamental  distinction  between  a  paren- 
chymatous and  an  interstitial  renal  inflammation  cannot  stand 
the  test  of  a  microscopic  examination.  Nothing  of  coarse  is 
easier  than  to  hand  a  person  a  microscopic  section  prepared 
from  such  a  kidney  with  the  interstices  much  altered,  toge- 
ther with  another  showing  normal  epithelium.  But  the  oppo- 
site is  equally  easy,  and  as  a  matter  of  fact  Oie  alteration h  of 
the  epithelium  and  of  the  interstice*  are  always  found  iriinulta- 
neougly  in  this  form  of  chronic  nephritis  also.  You  will  prob- 
ably be  still  more  interested  in  learning  that  the  organ,  in  spite 
of  its  general  and  often  not  inconsiderable  increase  of  volume, 
presents  defects,  or — to  employ  the  terminus  technicutt  made 
nse  of  more  especially  in  the  case  of  the  kidney — c^itracivm- 
j/roce»fes.  These  involve  both  the  glomeruli  and  tubules,  and 
are  only  compensated,  or  even  over-compensated,  by  the  io- 
creased  volume  of  the  interstitial  tissues.  This  fact  is  tho 
more  worthy  of  notice  as  it  at  the  same  time  supplies  the  key* 
to  the  understanding  of  the  still  more  chronic  forms  of  ne- 
phritis. For  when  the  renal  affection  has  lasted  a  still  longer 
time  than  in  the  form  just  discussed,  we  meet  post  mortem 
with  a  novel  appearance,  that  of  unt'ven  or,  as  they  are  called, 
granular  spots  on  the  surface  of  the  kidney.  It  is  as  a  rule 
oharacteriatic  of  these  that  the  depressions  are  distinctly  red 
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wHile  the  projections  are  grey  or  jellowisb  grey — a  sure  sign 
tliat  in  the  depreBsious  the  tnbales  have  completely  disap- 
peared, leaving  only  a  vascular  connective  tissue^  while  the 
prominences  contain  more  or  less  well-preserved  parenchyma. 
The  number  of  these  granulations  increases  the  longer  the 
disease  lasts,  and  in  making  the  autopsy  of  an  individual  who 
has  suffered  for  years  from  nephritis^  you  may  be  certain  of 
finding  those  small,  usually  red  or  greyisk-red^  more  rarely  pale 
kidneys,  of  leathery,  tough  consistence,  with  a  considerably 
diminished  cortex  and  rough  surface  from  which  the  typical 
description  of  the  granular  or  contracted  kidney  has  beea 
drawn.  The  gradual  redaction  in  size  of  the  kidneys  in  con- 
sequence of  a  widely  distributed  process  such  as  this  is  ex- 
plained simply  enough  by  the  well-known  tendency  of  newly 
formed  connective  tissue  to  retraction  and  shrinking,  which  go 
on  unopposed  after  destmction  of  the  tubules.  The  regu- 
larly occurring  thickening  of  the  walls  of  the  small  arteries 
in  the  granular  kidney  is  an  appearance  found  in  the  analo- 
gous chronic  inflammatory  processes  in  all  organs.  As  for 
the  other  details  with  regard  to  these  contracted  kidneys^  and 
in  particular  the  description  of  the  mostly  microscopic  cysts, 
and  of  their  origin  through  occlusion  of  Bowman's  capsnles 
or  obstruction  of  urinary  tubules,  these  may  be  left  to  patho- 
logical anatomy  and  histology. 

Buc  how  do  the  kidneys  perform  their  function  when  in  a 
condition  of  chronic  inflammation  P  In  that  form  of  chronio 
nephritis  in  which  all  the  anatomical  alterations  foand  in  acute 
inflammation  of  the  kidneys  are  present,  we  shall  expect  the 
urine  to  resemble  in  all  essential  characters  that  secreted  in 
acute  Bright's  disease.  The  urine  of  these  chronically  inflamed 
kidueys  does  in  fact  contain  albumen  at  all  times,  and  gene- 
rally in  considerable  amount ;  it  throws  down  a  copious  sedi* 
ment,  containing  a  variable  quantity  of  red,  but  always  large 
numbers  of  colourless  corpuscles;  numerous  casts  are  con- 
stantly present,  and  often  every  variety,  epithelial  and  hya- 
line, granular  and  glistening,  of  every  length  and  thickness ; 
and  in  addition  some  granular  corpuscles  &nd  fatty  detritus  are 
found.  In  one  respect,  however,  the  urine  of  this  chronio 
nephritis  differs  very  markedly  from  that  of  acute  inflamma- 
tioD,  namely,  in  volume;  i&  the  ohroaio  cases  the  amount 
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of  urine  ia  never  so  reduced  as  in  the  acute  ones,  bat  nsnally 
k*ivpa  at  about  ih6  normal  ftUtndard,  occasionally  exceeding  it 
a  little,  or  falling  short  of  it^  if  at  all,  only  to  a  trifliug  extent. 
Owing  to  its  greater  volume,  the  nrine  in  these  cases  is  not 
brownish  red  or  blood-red,  but  pale  or  dull  yelloiCf  and  its 
specific  ^rtivity^  instead  of  being  raised,  is  abnonnally  reduced. 
The  more  the  nephritis  assumes  an  insidious  character  and 
the  more  chronic  the  course  of  the  process,  ihemore  abundant, 
pale,  and  light  will  be  the  urine,  ^hile  the  albummom  c.ontent$ 
and  the  eedirnent  become  proportiotiaiely  Letts ;  and  by  the 
granular  kidneys  finally  there  is  secreted  a  very  considerable 
qnaniiti^ — often  two  or  three  times  the  usual  amount — of 
light  yelloui,  or  rather  greenish-yellow,  almost  nerfootly  clear 
urine  of  very  low  specific  gravity  (1006 — 1008 — 1010),  which 
as  a  rule  contains  only  minute  quantities  of  albumen,  and  is 
sometimes  ooa-albuminoas,  while  its  formed  elements  consist 
of  a  few  of  both  kinds  of  blood-corpascles  with  an  odd  hyaline 
or  granular  cast.  However  intelligible  it  is  that  with  such 
an  extremely  insidious  course,  where  the  essentially  indamma- 
tory  changes  are  not  at  any  time  extreme  or  widely  distri- 
buted, the  albuminuria  and  excretion  of  formed  elements 
should  never  be  anything  more  than  triiling,  it  is  more  difii- 
cult  to  explain  the  large  quantity  of  urine.  For  it  ia  natural 
to  suppose  that  it  would  be  diminished  so  long  as  the  high 
albuminous  contents  and  abundant  sediment  indicate  the  pre- 
sence of  foci  of  active  inflammation,  while  a  decrease  of  the 
uriuary  secretion  would  appear  to  be  equally  naturally  the 
result  of  the  destruction  and  imperviousness  of  numbers  of 
the  glomeruli  and  tubules.  And  indeed  the  large  volnme  of 
the  urine  cannot  be  explained  from  the  condition  of  the  kid- 
neys themselves.  Rather  it  is  the  effect  of  occurrences  which 
afford  some  of  the  most  striking  evidences  of  the  great  regu- 
lative capabilities  of  our  organism,  namely,  the  rise  0/  arte- 
rial pressure  and  the  cardiac  hypertrophy  which  develop  under 
the  influence  of  Uie  chronic  renal  iujlammation. 

That  chronic  nephritis  is  very  frequently  complicated  by 
hypertrophy  of  the  heart,  chiefly  of  the  left  ventricle,  has  since 
Bright's  tirst  communications  on  the  subject  been  confirmed 
times  without  number,  both  at  the  sick-bed  and  iu  the  post- 
mortem room ;  and  it  is  not  the  fact  itself  but  the  nature  of 
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tlie  connection  that  Btill  continues  to  give  rise  to  differences 
of  opinion^     No  one  has  devoted  more  careful  and  continued 
attention  to  this  question  than  Traube.     He  was  the  first  to 
formulate  a  mechanical  theory  of  the   dependence  of  the 
cardiac  hypertrophy  on  the  nephritia.f     According  to  him 
the  contracted  kidney  causes  an  increase  of  the  mean  tension 
in  the  aortic  system,  and  so  offers  abnormal  resistances  to 
the  heart,  by  "  bringing  about  a  diminution  in  the  quantity 
of  fluid  withdrawn  from  the  aortic  system  for  the  formation 
of  the  urinary  secretion/'  and  by  ''  diminishing  the  quantity 
of  blood  flowing  in  a  given  time  from  the  aortic  into  the  ve- 
nous system/'     He  has  perhaps  done  still  greater  service  in 
haying  followed  with  the  greatest  accuracy  during  life  the 
alterations  in  the  circulation  which  are  developed  in  the  course 
of  nephritis,  and  havingdetermined  their  clinical  signs.   Traube 
has  recorded  his  experience  on  this  point  in  several  essays, 
and  while  he  at  first  expressed  himself  with  some  reserve,  a8 
years  passed  on  he  became  more  and  more   convinced  by 
his  increased  material  that  symptoms  connected  with  the 
circulatory  apparatus  may  set  in  in  youthful  and  otherwise 
healthy  individuals  as  early  as  {he  first  few  weeks  in  severe  ne- 
phritis, which  indicate  in  a  most  unmistakable  way  an  ivicTetue 
of  tension  in  the  aortic  system.^     These  signs  are  abnormal 
resistance  of  the  radial  arteries  and  of  the  cardiac  impulse, 
together  with  loud,  high,  and  ringing  diastolic  aortic  and 
carotid  sounds ;  and  to  these  there  is  quickly  added  the  in- 
creased volume  of  the  heart,  so  that  Traube  was  able  to  deter^ 
mine  the  presence  of  cardiac  hypertrophy  as  early  as/ow 
weeks  after  the  commencement  of  the  nephritis.     In  children 
more  especially  a  short  time  appears  to  suffice  for  its  develop- 
ment ;  at  least  Friedlander  found  a  marked  enlargement  of 
the  heart  during  an  epidemic  of  scarlet  fever  in  almost  all 
the  children  who  died  of  an  acute  nephritis  scarlatinosa.^    In 

*  A  thoroughly  complete  literary  hUtorical  compilatioB  of  the  namerotis 
diBCossions  dealing  with  this  question  is  given  hy  Zander, '  Ztscbr.  f .  klin. 
Med./  lYt  Hit.  i  and  2. 

t  Traube, '  Ueber  d.  Znsammenhang  v.  Herz.-  und  Nierenkrankbeiten/ 
Berlin,  1856;  'Ges.  Abhandl./  ii,  p.  390. 

X  Traube, '  Oes.  AbhandL,'  iii,  pp.  235, 427,  e<  seq.  In  addition  numerous 
essays  on  nephritis  in  Bd.  ii  and  iii. 

§  Friedlander,  *  Areh.  f.  Phys./  x88x,  p.  168. 
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Adults,  on  the  contrary,  snch  a  rapid  devolopmont  is  raro  ;  a 
much  longer  time  is  required,  as  a  rule,  befi»rt»  tlu*  hii»ht»r 
degrees  of  arterial  rise  of  pressure  and  oardiac  hypertrophy 
can  be  detected.  These  are,  consequently,  wont  to  lu»  inoro 
pronounced  the  more  chronic  the  course  of  tho  nephritis  ;  Init 
in  the  uncomplicated  granular  atrophy  of  strong  individuuU 
they  form  such  constant  and  characteristic  plienomeua  that 
experienced  clinicians  can  diagnose  the  contracted  kidneys 
solely  from  the  pulse,  t.  <f.  from  the  high  tensiun  (»f  thiMkr*A.*ry 
in  all  other  respects  normal. 

But  though  these  facts  render  it  very  prol)uljlf  that  therH 
is  a  direct  relationship  of  depundonco  hctwiten  chronic  ne- 
phritis and  hypertrophy  of  tho  hi^art,  tluiru  havo  always  Ix'en 
pathologists  who  denied  this  cauHal  connectinn,  and  the  hist 
few  years  more  especially  have  increased  their  number  some- 
what. Tho  majority  of  tho  opponents  of  tho  viirw  hold  tliat 
tlie  attempted  cxplanatir^ns  of  this  dopend4*nco  have  not  heen 
successful,  and  confine  thoniKctlvoH  to  denying  it  hocausu  it  ia 
nnintelligible ;  some,  however,  have  gono  further,  and  havu 
sought  to  substitute  another  theory  for  that  caili^d  in  ques- 
tion by  them.  Of  these  we  must  first  nnMition  ^iiill  and 
Sutton,*  who  look  up^jn  the  cardiac  and  n^naJ  uft't^rlions  as 
co-ordinated,  and  du*i  to  a  peeMllar  d*ujtnttution  of  ike  umall 
arteriejf  of  all  parts  of  the  body,  for  which  they  have  pro- 
posed the  name,  arUrio'Cajnllary  Jihrot/U,  Htiange  Ut  any, 
these  English  writers,  if  I  correctly  understand  them,  in 
dealing  with  the  renal  affection  always  refer  only  to  the  con- 
tracted kidneys,  mj  that  their  expUnation,  even  if  correct, 
could  not  apply  to  the  large  inflamed  kidneys,  in  whit-h,  how- 
ever, cardiac  hypertrophy  also  ocouri^.  Ah  regards  the  facts 
nnderljing  their  observations  I  wibh  t*)  make  a  few  remarks. 
According  to  our  experience,  there  are  kidneys  which  have 
atrophied  and  become  contracted  in  coni>4^qu4.''Uce  of  an  ex- 
treme aclero^'ib  of  their  middle-si^ed  and  smaller  arteries; 
tbey  are  not  uncommonly  found  in  pei'sous  advanced  in  life, 
and  I  have  often  seen  them  in  syphilis ;  and  precisely  in  this 
form  the  cardiac  hypertrophy  is,  as  a  rule,  absent,  owing  to 
the  senile  or  syphilitic  maraismus.  On  the  other  hand,  the 
smaller  renal  arteries  often  present  thickenings'*^  their  walla 
*  Oull  btid  buituu,  'Med.  CUir.  Tmui.,'  1857 
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in  the  trne  granDlar  atrophy  of  yonnger  individuahi ;  bat  thiB, 
as  already  mentioned,  is  not  a  primary  alteration  ;  it  is  simply 
the  chronic  endarteritis  obliterans,  so  called  by  C.  Friedlander^ 
which  so  frequently  becomes  associated  with  the  chronic  inter- 
stitial inflammations  of  all  organs.*  The  statements  of  Gall 
and  Sutton  as  to  the  existence  of  a  general  arterial  disease 
in  these  cases  appear  still  less  tenable.  In  an  extensive  exa- 
mination of  appropriate  cases^  Ewaldf  failed  to  detect  either 
a  degeneration  or  any  signs  of  chronic  inflammation  of  the 
small  arteries ;  the  only  arterial  change  he  claims  to  have 
often  found  in  these  cardiac  hypertrophies  is  a  thickening  of 
the  miMcular  coat  which  he  regards  as  the  secondary  effect 
of  the  hypertrophied  heart-mnscle.  Without  entering  upon 
a  criticism  of  Ewald's  methods  of  examination,  I  wish  to  re- 
mark that  according  to  my  experience  even  this  muscular 
hypertrophy  of  the  arterioles  cannot  be  so  frequent  as  would 
appear  from  his  statements  ;:(  at  least  I  have  repeatedly 
failed  to  And  any  noteworthy  alteration  of  the  walls  either 
of  the  larger  or  smaller  arteries  in  most  typical  cases  of  con- 
tracted kidney  and  extreme  hypertrophy  of  the  heart. 

According  to  a  second  view,  energetically  defended  by 
Senator,^  the  cardiac  hypertrophies  occurring  in  renal  in- 
flammation must  be  carefully  distinguished  into  two  kinds, 
an  hypertrophy  with  dilation — excentric,  and  one  without 
dilation — simple.  The  former  is  stated  to  be  found  chiefly 
in  "  chronic  parenchymatous  nephritis,"  t.  e,  our  chronic  hse- 
morrhagic,  enlarged,  or  at  least  undiminished,  kidneys,  and 
to  be  here  the  result  of  the  persistent  overloading  of  the  blood 
with  urea — of  which  more  presently ;  while  simple  cardiac 
hypertrophy  is  said  to  be  mainly  observed  with  contracted 
kidneys,  but  depends  so  little  on  the  renal  affection  that  this 
is  to  be  regarded  rather  as  a  consequence  of  the  heart  lesion, 
probably  through  implication  of  the  small  renal  arteries. 
Now,  to  say  nothing  of  the  many  gaps  in  this  argument,  or 
of  the  fact  that  the  state  of  contrAction  of  the  heart  often 
makes  it  impossible  to  form  a  reliable  opinion  as  to  the  capa- 

*  Cf.  Wagner,  *  Morb.  Brightii,'  pp.  93,  et  $€q.,  301,  ei  aeq, 

t  Ewald, '  Virch.  A./  Ixxi.  p.  453. 

X  Sotnitscbewakj,  *  Virch.  A.,'  bxzii,  p.  309,  has  arrived  at  the  wme  coiu 
elusion. 

§  Senator,  ibid.,  Ixziii,  pp.  i,  313. 
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oity  of  the  ventricular  cavitj,  the  anatomical   basis  of  the 
theory  is  incorrect.      I  have  seen,  not  simply  once,  but  often, 
the  most  marked  excentric  hypertrophy  of  the  heart,  amount- 
ing even  to  complete  oor  bovinnm,  associated  with  the  most 
genuine  contracted  kidneys  ;  audj  on  the  other  hand,  in  chronic 
bffimorrhagic  large   kidneys  one  meets  with  simple  cardiac 
hypertrophy  not  merely  as  often  but,  according  to  my  recol- 
lection, oftener  than  with  the  excentric  variety.      Senator  also 
kdmits  that  exceptions  to  his  rule  occur,  although  the  import- 
ice  of  his  argument  is  clearly  seriously  lessened  thereby. 
A  third  theory  has  been  advanced  by  Buhl,  also  within  the 
it  few  years.*     The  name  of  its  author  is  a  guarantee  that 
contains  suggestive  and  fruitful  ideas  ;   nevertheless  you 
"will   willingly  dispense  with  details  on   learning  somo  of  its 
main  propositions.      According  to  Buhl,  the  cardiac  hyper- 
>phy  depends  on  inflammatory  fatty  degeneration  of  the 
^musculature  or  more  intense  myocarditis.      The  hypertrophy 
set  up  either  directly  on  the  termination  of  the  inBamma- 
tion,  in  accordance  with  the  general  law  that  every  inflam- 
ttion  is  immediately  followed  by  a  stago  of  "over-nutri- 
tion ; "  or  there  is  first  developed  a  dilatation  of  the  cavities 
of  the  heart,  which  is  followed  by  an  hypertrophy,  inasmuch 
as  the  dilated  ventricles  have  to  propel  a  larger  quantity 
of  blood.     The  development  of  the  hypertrophy  is  farther 
favoured  by  the  fact  that  the  aorta  not  merely  does  not 
participate  in  the  enlargement  of  the  heart,  but  even  be- 
^Comes  narrowed,  owing  to  the  decrease  in  the  total  amount  of 
»lood  regularly  brought  about  by  the  albuminuria  and  by  the 
igestive  diKturbnuces  so  commonly  present  ;  a  rotative  nar- 
»waeB8  of  the  aorta  sets  in,  and  as  a  result  the  hypertrophy 
if  the  left  ventricle  must  be  still  farther  increased  :  for  the 
>8t,  the  rise  of  pressure  is  only  systolic  because  the  arterial 
falves  close.      In  what  way  these  statements,  taken  almost 
verbally  from  Buhl's  communications,  are  to  be  reconciled  with 
le  conclusions  arrived  at  by  us  from  our  study  of  the  patho- 
>gy  of  the  circulation,  this  I  must  leave  you  to  decide  for 
yourselves  ;  to  me  at  least  the  foundation  on  which  those 
views  rest  appears  to  lie  so  remote  from  our  own  that  any 
kttempt  at  a  reconciliation  must  be  fruitless. 

*  v.  Buhl,  *  Mittheil.  aos  d.  pothol.  Iiut.  kq  Mdocfaen/  1878,  p.  38. 
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A  theory  claiming  to  explflda  the  dependence  of  the  cardiac 

hypertrophy  od  the  nephritis  mnst  above  all  be  in  accordance 
with  the  facts  observed  in  the  patients  in  question.  But  it 
is  a  fact  that  the  rise  of  arterial  pressure  precedes  tkeenlarge' 
ment  of  the  heart,  so  that  no  explanation  according  to  which 
the  high  tension  of  the  arteries  is  conditioned  solely  by  the 
cardiac  hypertrophy  can  be  correct.  Is  it  not  per  »e  veiy 
much  more  probable,  as  well  as  consonant  with  all  onr  know- 
ledge of  the  circulation,  that  a  healthy  heart  with  andistnrbed 
innervation  hypertrophies  because  it  mnst  overcome  the  ab- 
normal resistance  arising  from  the  high  arterial  tension,  rather 
than  that  any  unknown  influence  should  supply  the  impulse 
to  the  excessive  growth  f  And  in  spite  of  Buhl's  assertion 
to  the  contrary,  I  can  assure  you  that  a  large  number  of  the 
hypertrophied  hearts  of  the  nephritic  are  healthy,  the  endo- 
and  peri-cardium  being  absolutely  intact,  the  valves  delicate^ 
and  the  myocardium  red  in  colour,  without  any  cicatricial 
tissue,  and  mostly,  too,  without  any  fatty  degeneration.  In 
the  second  place  such  a  theory  must  be  adapted  to  explain 
not  only  the  cardiac  hypertrophy  occurring  in  contracted  kid- 
ney— to  which  alone  the  discussion  was,  owing  to  an  unfor- 
tunate misconception,  at  first  confined — ^but  must  also  serve 
to  elucidate  the  hypertrophy  which  makes  its  appearance  in 
a  nephritis  running  a  much  shorter  course,  and  which  is  found 
post  mortem  associated  with  large  inflamed  kidneys.  For  the 
notion  that  we  have  here  to  do,  perhaps,  with  different  forma 
of  enlargement  of  the  heart  has  just  been  repudiated  by  ns. 
In  the  third  place,  and  lastly,  the  cause  of  the  hypertrophy 
of  the  heart  must  not  be  sought  in  a  factor  which  is  directly 
done  away  with  by  the  hypertrophy,  because  it  would  then 
be  impossible  to  understand  why  the  hypertrophy  not  only 
lasts  but  goes  on  increasing,  at  least  for  a  considerable  period. 
Call  to  mind  the  cardiac  lesions :  hypertrophy  of  the  right 
ventricle  cannot  render  the  bicuspid  valves  again  capable  of 
closure,  and  simply  compensates  the  prejudicial  effects  of  the 
valvular  lesion  on  the  circulation ;  and  did  the  augmented 
work  of  the  ventricle  actually  do  away  with  the  valvular  de- 
fect, there  would  be  no  ground  whatever  for  the  development 
of  a  cardiac  hypertrophy. 

On  now  trying  whether  the  theories  hitherto  formulated 
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;«atifify  these  postulates^  we  findj  in  the  first  place,  that  there 
ire  serious  objections  to  the  view  according  to  which  the 
iChief  weight  attaches  to  the  alteration  in  the  constitution  of 
Ihe  blood  brought  about  bj  the  renal  affection.  The  exaot 
nature  of  thia  alteration  has  not  been  stated  either  by  Bright 
who  first  announced  this  theory^  which  we  may  call  the 
chemiciil,  or  by  the  many  pathologists  who  have  adopted  it, 
more  especinlly  in  England.  Ewald*  and  Senator,t  more- 
over, the  most  recent  writers  inclining  to  this  view,  confine 
themselves  to  the  Btntemeut  that  the  accumulation  of  urinary 
constituents,  especially  of  urea,  forms  the  injurious  factor. 
But  as  to  how  this  impurity  of  the  blood  originates  the  rise 
of  pressure  and  cardiac  hypertrophy,  the  writers  just  men- 
tioned hold  different  opinions  :  Ewald  belicTea  that  the  blood 
overloaded  with  urea  meets  with  abnormal  frictioual  resist- 
ances in  the  capillaries^  and  consequently  flows  more  slowly 
through  them  ;  Senator,  on  the  other  hand,  thinks  that  the 
urea  accumulated  in  the  blood  has  the  power  of  directly  caus- 
ing a  rise  of  pressure — an  effect  which  Ustimowitsch  and 
others  have  actually  observed  after  the  injection  of  a  solution 
of  urea  into  the  blood.  True,  Ewald  has  not  succeeded,  in 
the  expeiiments  undertaken  by  him,  in  showing  his  theory 
to  be  probable,  to  say  nothing  of  verifying  it ;  and  Senator 
h^B  overlooked  the  fact,  that  to  cause  a  brief  and  insignifi- 
cant rise  of  pressure  of  about  20  mm.  mercury,  it  is  necessary 
to  intro<luce  a  quantity  of  urea  which  in  the  same  proportion 
would  be  regarded  as  enormous  in  man,  while  his  assumption 
becomes  still  less  likely  from  the  circumstance  that  a  second 
injection  of  urea  fails  to  cause  a  rise  of  pressure  after  such 
a  rise  has  been  occasioned  by  the  first.|  Now  Israel, §  it  is 
true,  has  recently  reported  the  successful  production  of  an 
hyitertrophy  of  the  kidneys  followed  by  an  hypertrophy  of  the 
heart  by  continuously  administering  to  young  rabbits  gradu- 
ally increasing  doses  of  nrea  by  the  mouth  ;  the  dose  being 
increased  during  three  to  four  weeks  from  two  grains  pro  die 
up  to  eight  grains  and  later  to  even  twelve  grains  and  more. 

•  Ewild, '  VircU.  A.,'  lixi,  p.  453. 

t  ITstiniowilMb,  *  B«r.  d.  Mochs.  Ges.  d.  Wias^*  M.  Phya.  CL,  1870,  p.  4^. 

X  Uniol. '  Virch.  A./  Iiixvi,  p.  299. 

§  TmiiUt,  *  Ceher  d.  Znsammenhang  t.  Hen-  tind  Nieren-lmiiikheiteD,' 
{{erlin.  1856  ;  *  Ges.  Abliaiidl."  ik,  p.  190. 
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Tbe  hjpertropby  took  place  altboagh  tbe  animals  became 
greatly  emaciated  and  presented  various  evidences  of  feeble- 
ness. Yet  since  in  judging  of  tbe  size  of  the  heart  he  em- 
ployed a  criterion  whose  nnsuitableness  has  been  clearij  de- 
monstrated by  Zander,*  namely  the  ratio  between  the  weights 

of f^ ,  Israel  will  not  think  ill  of  my  entertaining 

heart 

some  doubt  as  to  whether  all  the  hearts  held  by  him  to  be 
hypertrophied  actually  deserved  to  be  called  so  ;  and  I  mnst 
also  be  excused  for  doubting  whether  the  cardiac  hypertrophy, 
if  really  present,  need  be  ascribed  to  the  feeding  with  urea, 
the  influence  of  which  in  producing  emaciation  and  feeble- 
ness of  the  animals  was  observed  by  the  experimenter  himself. 
Moreover,  Israel  has  not  given  us  a  satisfactory  explanation 
of  the  mechanism  by  which  the  overloading  of  the  blood  with 
urinary  constituents  influences  the  heart  and  vascular  system 
80  as  to  produce  a  rise  of  pressure.  But  be  the  fact  as  it 
may,  any  theory  based  upon  it  should  still,  in  my  opinion, 
be  rejected,  because  at  best  it  would  apply  only  to  that  form 
of  nephritis  in  which  the  excretion  of  solid  urinary  constitu- 
ents is  for  a  long  period  considerably  reduced  below  the  nor- 
mal. Something  might  be  made  of  the  theory  in  cases  where 
a  chronic  nephritis  is  developed  from  an  acute  one,  and  per- 
haps too  in  cases  of  chronic  haamorrhagic  inflammation  of  the 
kidneys  ;  but  it  is  quite  inadequate,  as  Senator  also  correctly 
perceived,  for  the  markedly  chronic  forms  which  result  in  the 
production  of  granular  kidneys,  because  these  insidious  in- 
flammations never  lead  to  a  lasting  diminution  of  the  excre- 
tion of  urea,  nor,  consequently,  to  a  retention  of  the  solid 
urinary  constituents  in  the  blood. 

The  same  objection  applies  with  full  force  to  that  part  of 
Traube's  theory  which  regards  the  diminution  of  the  volume 
of  the  urine  and  the  simultaneous  increase  of  the  volume  of 
the  blood  as  a  factor  increasing  the  blood-pressure — although 
this  very  line  of  argument  has  recently  again  been  adopted 
and  warmly  defended  by  Bamberger.f  In  markedly  chronic 
nephritis  leading  to  granular  atrophy  there  need  be  at  no  time 
a  diminution  of   the  urine   worth   mentioning ;  indeed,  its 

•  Zander, '  Ztschr.  f.  klin.  Med./  iv,  Hft.  I  sad  2. 
t  Cf.  Bamberger,  •Volkm.  Vortr.,'  No.  173. 


TBEORY   OF  WATBR-BKTENTION. 


1189 


volame  may  permaneutly  exceed  the  normal  on  from  tlie  day 
when  for  the  first  time  a  suspicion  even  of  renal  disease  had 
arisen  :  and  jet  it  is  precisely  in  these  cases  tbut  the  most 
marked  hypertrophy  of  the  heart  is  developed.  But  if  the 
blood  of  persons  with  contracted  kidneys  and  hypertrophied 
hearts  be  examined  at  a  time  when  the  state  of  well-being 
of  the  patients  is  comparatively  good,  the  perfectly  normal 
conditions  as  regards  spty^ific  gravity,  urea-  and  water-con- 
tents will  be  found  to  be  preserved,  so  that  Bamberger's  idea 
that  the  water-balance  of  the  organism  is  adjusted  at  a  higher 
level  is  in  point  of  fact  untenable,  to  eay  nothing  of  the 
theoretic  objections  to  it.  Moreover,  I  need  only  indicate 
how  little  this  water-retention  theory  meeta  the  third  of  our 
postulates.  But  perhnps  the  weightiest  objection  to  the 
view  is  afforded  by  the  evidence  brought  forward  by  Lich- 
theim  and  myself  that  even  the  ttroTtgeiU  hydrmmxc  plethora  (vzn- 
nni  Tfvifte  the  khMul-prtiMHure  above  the  fwrrnat  valuer  (cf .  Sect.  I, 
Chap.  yill).  We  need  not,  of  course,  discuas  the  question,  in 
itself  debatable,  whether  an  increase  of  the  volnmeof  the  blood 
makes  augmented  demands  on  the  work  of  the  heart,  despite 
theabeence  of  any  rise  of  arterial  pressure.  For  we  have  to 
explain  the  rise  of  arterial  pressure  and  not  the  hypertrophy 
of  the  heart;  and  because  this  is  so,  our  experiments  on  hy- 
dr»mic  plethora  in  my  opinion  most  conclusively  overthrow 
the  water-theory. 

Accordingly  we  have  no  resource,  so  far  as  I  see,  but  to 
recur  to  cirtulatory  duturhancc  in  Uie  kidneys,  i.  e.  to  main- 
tain the  correctness  of  this  part  of  Traube's  explanation,  al- 
though not,  as  I  may  at  once  add,  in  its  original  but  in  modi- 
fied form.  Traube  selected  as  the  determining  factor  that 
in  contracted  kidney  the  amount  of  blood  passing  in  the 
unit  of  time  from  the  aortic  into  the  Tenons  system  is  dimin- 
ished, or,  in  other  words,  that  abnormal  resvtiancea  oppo»e  the 
postage  of  the  blood  through  the  kidney  ;  and  this  fact  does 
not  need  to  be  specially  proved.  But  to  the  conclusion 
that  an  abnormal  rise  of  pressure  in  the  aortic  system  must 
resnlt  therefrom,  it  has  been  objected  with  apparent  justice 
that  it  is  impossible  to  see  why  a  compensation  should  not 
somehow  be  effected  here,  just  as  when  the  resistance  is  in- 
creased in  other  organs.     Now  the  answer  to  this  question 
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baSf  I  belieTB,  been  supplied  in  our  diacusBiotis  on  the  effects 
of  local  anaemia  on  the  circulation  as  a  whole  (vol.  i,  p.  137, 
et  tteq  ).  For  we  were  then  able  to  deierrnino  thai  an  abnoi*^ 
roal  resistance  when  interpolated  anywhere  in  the  artartal 
system  is  not  followed  by  a  general  rise  of  blood-preasure,  if 
pari  pas9u  with  the  increase  of  resistance  in  oae  ares  there 
takes  place  a  corresponding  decrease  of  resistance  in  another, 
or  if — should  such  compensation  fail  to  occur — a  certain  qaan* 
tity  of  blood,  having  become  saperfluous.  is  removed  from 
the  circulation.  The  former,  the  compensatory  hypersBiaia^ 
does  certainly  take  place  in  the  second  kidney  when  only  one 
has  become  ansBmic  ;  but  when  both  kidneys  are  the  seats  of 
lasting  IocaI  anaemia,  there  is  no  organ  which  oould  become 
permanently  hypereemic  i  while,  on  the  other  hand,  a  portion 
of  the  blood  would  not  under  these  circumstances  become 
**  superfluous,"  unless  the  blood  entering  the  kidneys  were 
reduced  by  the  amount  which  would  correspond  to  the  re- 
sistances on  the  two  sides.  Clearly,  it  is  on  this  point  that 
everything  depends :  if  the  kidneys  with  diminished  or  ob* 
structed  stream-bed  are  supplied  with  a  proportionately  smaller 
quantity  of  blood,  a  rise  of  general  arterial  pressnre  cannot 
possibly  at  any  time  be  the  result  of  the  impediment ;  bat 
if,  in  spite  of  the  latter,  the  blood-supply  to  the  kidneys 
remains  unchanged,  the  rise  of  pressure  is  inevitable.  The 
amount  of  blood  flowing  to  the  kidneys,  however,  depends, 
ciEteris  paribus,  on  the  calibre  of  the  renal  arteries — not,  of 
course,  of  the  main  trunks  and  larger  branches,  which  are 
hardly  liable  to  physiological  variations,  but  of  those  smaller 
offsets,  whose  cirtfular  muscular  coat  is  "  tonically "  cott- 
tracted,  and  on  which  chiefly  the  vuso-constrictors  and  dila- 
tors exert  their  influence.  But  what  determines,  I  ask,  the 
degree  at  any  time  of  contraction  of  these  small  arteries  of 
the  kidneys  ?  We  know  with  regard  to  some  glands,  and 
coDsidor  ourselves  justifled  in  assuming  with  regard  to  others, 
that  excitation  of  thetr  secretory  nerves  is  always  attended 
by  a  simultaneous  excitation  of  the  vaso-dilators.  In  the 
kidneys  there  are  no  secretory  nerves,  and,  it  would  appeftiv 
no  vaso'dilators ;  yot  no  one  doubt«  that  when  a  ct)pioaa  se- 
cretion of  urine  is  taking  place,  a  large  amount  of  blood 
flows  through  the  kidneys,  and  that  consequently  (heir  smoU 
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arteries  must  bo  dilated.  Since,  Howeverj  much  nrine  is 
flecreted  when  much  water,  urea,  common  salt,  or  other  po- 
tential urinary  constituent  is  present  in  the  bloody  we  for- 
merly believed  oarselves  correct  in  assuming  that  the  degree  of 
contraction  of  the  small  renal  arteries  depends  oh  the  amount 
of  fitich  coiistituenta  prese^it  in  the  bloai.  This  has  ceased  to 
be  a  mere  hypothetical,  though  highly  plausible,  law,  For 
Charles  Roy  and  I*  have  succeeded  in  accurately  demon- 
strating by  means  of  the  renal  plethysmograph  that  the  intro- 
duetion  of  watery  mlutioius  of  eommoti  salt  or  of  urea  into  the 
blood  in  such  smull  dosos  as  not  in  any  way  to  influence  the 
general  arterial  pressure  is  followed  either  at  once,  or  after 
a  very  brief  period  of  contraction,  by  a  cotmderahle  increase 
in  the  roluvte  of  th*^  kidney,  i.  e,  by  a  dilatation  of  the  renal 
arterial  channeU.  Whether  this  occurs  as  the  result  of  a 
direct  influence  on  the  arterial  musculature,  or  by  means  of 
nervous  agency,  need  not  now  be  discussed  ;  for  the  noccs* 
sary  inference  in  either  case  is  that  whether  the  blood-stream 
through  or  beyond  the  glomeruli  is  impeded  or  not>  the 
calibre  of  the  small  renal  arteries^  and  hence  the  amount  of 
blood  entering  the  kidneys,  will  remain  u-it  before,  provided 
the  quantity  of  potential  urinary  constitueyUtt  in  the  blood 
continues  unchanged.  The  increase  of  arterial  tension  ac- 
cordingly sets  in  as  the  inevitable  consequence  of  the  ab- 
normal rosistanooa  interpolated  in  the  renal  circulation  be- 
yond the  small  arteries ;  and  in  this  conclusion  wc  cannot, 
in  my  opinion,  be  shaken  by  the  fact  that  ligature  of  both 
8.  renales  themselves  does  not  raise  the  general  arterial 
pressure.  This  fact,  which  for  the  rest  plainly  tella 
against  the  possibility  of  a  rise  of  pressure  through  an 
accumulation  of  solid  urinary  constituents  in  the  blood,  is 
enfficiently  intelligible  from  our  point  of  view.  For  the 
decisive  factor  is  the  disproportion  between  the  unaltered 
supply  of  blood  to,  and  the  abnormal  resistances  in,  the  kid- 
neys ;  and  who  would  bo  disposed  to  doubt  that,  after  liga- 
ture of  the  a.  renalis  or  its  equivalent^  extirpation  of  the 
kidney,  our  organism,  if  life  was  maintained,  wonld  simply 

*  A  short  rttume  of  the  experimeDts  has  been  ^iven  by  Roy  in  the 
'  Procwdinga  of  the  Camhridge  Philosopbical  Society/  May  23rd,  1881 ;  the 
full  oomintiiiication  will  ihortly  ai'pear  ia  *  Virchow's  Arcbiv.' 
VOL.  ni,  OQQO 
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rid  itself  of  that  quantity  oE  blood  wliioh  it  possessed  in  ex- 
cess of  the  reqairements  of  the  remaining  organs  ? 

From  the  considerations  just  dwelt  upon  it  follows  that 
an  hypertrophy  of  the  heart  must  develop  when  (i)  the  hlood^ 
stream  in  both  kidiieys  heyond  the  ttviall  renal  arterteSf  or  at 
any  rate  throughout  a  great  part  of  their  vascular  system^  is 
opposed  by  abnormal  reaiaiances,  and  (2)  the  general  condi- 
tion of  the  individual  and  in  particular  his  diet  is  such  that 
at  host  approxivitttely  the  normal  amount  of  potential  urinary 
constituents  is  produced.  You  will  please  notice  that  I  formu- 
late this  law  generally,  and  not  merely  with  reference  to 
nephritis ;  if  correct,  it  must  evidently  hold  good  for  other 
than  inflammatory  increase  of  resistance.  The  most  desir* 
able  thing  no  doubt  would  be,  if  possible,  to  prove  it  by  ex- 
perimental means,  and  you  may  therefore  imagine  with  what 
pleasure  I  hailed  the  appearance  lately  of  some  investigations 
which  seemed  to  supply  this  desideratum.  The  author  of  one 
of  them,  Lewinski,*  attempted  to  bring  about  the  atrophy  of 
both  the  kidneys  by  narrowing  first  one  and  then  the  second 
a.  renalis,  and  believes  that  out  of  twenty-five  experiment* 
he  has  five  times  succeeded  in  producing  *'an  idiopathic 
cardiac  hypertrophy  without  dilatation ;"  yet  the  detailed 
account  of  his  experiments  will  hardly  have  the  effect  of 
convincing  the  unprejudiced  reader  of  the  correctness  of  hia 
belief.  For  in  none  of  the  fivo  experiments  has  Lewinaki 
succeeded  in  causing  the  desired  atrophy  of  both  kidneys  ; 
at  most  one  kidney,  and  not  even  this  in  all  cases,  reacted  to 
the  operation  by  complete  atrophy ;  and  though  in  several 
instances  the  second  kidney  underwent  a  compensatory 
enlargement  he  claims  that  in  spite  of  this  a  cardiac  hjrpcr* 
trophy,  often  extreme,  waa  the  result,  and  that  it  sometimea 
developed  in  from  twelve  to  fifteen  days  I  In  view  of  the 
innumerable  pathologico-anatomical,  experimental,  and  re- 
cent surgical  experiences  as  to  the  complete  insignificance  of 
the  absence  of  one  kidney  to  the  circulation,  it  certainly 
requires  an  astonishing  amount  of  nuivete  to  entertain  one's 
fellow-scientists  with  such  tales,  a  naivetd  which  is  perhaps 
only  surpassed  by  that  which  accepts  Lewinski'a  results  in  mil 
good  faith,  without  a  word  of  criticism, 

•  Lewinski, '  ZUchr.  f.  klin.  lUd.,'  i*  p.  561, 
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Gmwitz  and  Israel*  adopted  another  mode  of  procedure, 
and  produced  a  more  or  less  extreme  atrophy  of  one  kidney 
by  applying  in  the  well-known  way  a  ligature  to  the  a.  renalis 
for  from  an  hour  and  a  half  to  two  hours.  When  the  animals 
operated  on  were  young,  there  was  developed  in  a  short  time 
such  a  complete  compensatory  hypertrophy  of  the  second 
kidney  that  the  operation  produced  no  effect  on  the  vascular 
system  or  general  condition  ;  in  older  rabbits,  however,  the 
enlargement  of  the  second  kidney  failed  to  set  in  or  was 
inadequate,  and  in  its  stead  an  hypertrophy  of  the  heart  took 
place.  Unfortunately,  the  paper  contains  some  other  state- 
ments which  do  not  tend  to  increase  one's  confidence  in  the 
results  at  which  the  above-named  writers  have  arrived.  In 
the  animals  experimented  on  they  also  measured  the  arterial 
pressure,  and,  despite  the  cardiac  hypertrophy,  failed  to  find 
the  slightest  rise  of  tension  ;  on  the  other  hand,  they  claim 
to  have  detected,  by  measuring  the  rate  of  the  blood-stream 
in  each  of  these  animals,  an  increase  of  velocity,  provided 
the  enlarged  heart  was  not  secondarily  diseased.  Now  it  is 
evident  that  these  results  cannot  all  be  correct,  since  in  part 
they  directly  contradict  each  other.  If  the  blood  be  unaltered 
in  constitution — and  no  change  is  mentioned  by  the  writers — 
the  velocity  of  the  How  depends  upon  the  difference  of  ten- 
sions between  the  arterial  and  venous  systems,  so  that  no 
acceleration  of  the  blood-stream  can  occur  unless  the  arterial 
pressure  is  raised.  And  since,  as  you  are  aware,  every 
cardiac  hypertrophy  necessarily  augments  the  arterial  tension, 
an  individual  in  whom  the  tension  is  permanently  normal 
c-annot  be  suffering  from  cardiac  hypertrophy,  and  vice  versa. 
Urged  by  these  remarks  of  mine,  one  of  the  two  writers, 
l8rael,t  a  young  man  who  imagines  that  he  adds  to  the 
cogency  of  his  arguments  by  speaking  disrespectfully  of  his 
critics — has  again  measured  the  arterial  pressure  in  a  number 
of  the  animals  experimented  upon,  and  has  now  actually 
found  a  rise  of  blood-pressure  of  from  3  to  6  mm.  mercury — 
a  statement  which  might  be  taken  as  a  jokr  -^-r*  --*■  fbe 
author  himself  add  that  these  changes  are  "  <{..  ho 

normal  limits/'     But  when  Israel  by  a  careful  *^ 
•  On  i  *  Virch,^ 
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position  in  a  measare  excuses  the  absence  of  a  rise  o£  pi 
sure,  and  seeks  to  show  on  the  contrary  that  a  rise  could  not' 
possibly  occur  under  the  conditions  presented  by  nephritis 
and  atrophy  of  the  kidney^  he  has  evidently  forgotten  that 
in  human  contracted  kidney  the  increased  arterial  tension 
forms  one  of  the  most  constant  and  striking  symptoms.  But 
you  will  gladly  dispense  with  the  details  of  that  remarkable 
exposition,  on  learning  that  a  repetition  of  the  experiments 
of  Grawitz  and  Israel,  carried  out  by  Zander*)*  in  Neumann's 
laboratory  on  a  large  number  of  animals^  has  not  confirmed 
their  results  ;  neither  after  extirpation  of  the  kidneys  nor  the 
production  of  renal  atrophy  by  temporarily  occluding  tho  a. 
renalis  was  there  ever  any  enlargement  of  the  heart,  although 
the  animals  remained  alive  till  seven  and  a  half  months  after 
the  operation.  But  though  it  must  accordingly  be  confessed 
that  the  dependence  of  the  cardiac  hypertrophy  on  the  renal 
affection  has  not  so  far  been  experimentally  proved,  there  is 
fortunately  no  dearth  of  pathological  experiences  which  have 
almost  the  value  of  an  experiment.  In  hydronepkroUc  atrophy^ 
which  will  presently  be  more  minutely  discussed,  very  con- 
siderable resistances  are  interpolated  in  tho  renal  circulation, 
and  we  should  therefore  expect  that  an  hypertrophy  of  tho 
heart  should  develop  in  the  course  of  time  in  persons  with 
bilateral  hydronephrosis,  provided  that  tbeir  state  of  nutri- 
tion ia  good.  In  the  great  majority  of  cases  of  bilateral 
hydronephrosis,  c.  g.  in  all  those  occasioned  by  tumours  of 
the  pelvic  organs,  this  condition  is  not,  it  ia  true,  satU* 
fied,  but  in  bilateral  hydronephrosis  otherwise  conditioned  I 
have  repeatedly  observed  a  moderate  degree  of  cardiac  hyper- 
trophy,  and  marked  degrees  of  it  have  frequently  come  under' 
my  notice.  Thus,  the  museum  of  the  Pathological  Institato 
in  Breslau  contains  specimens  removed  from  a  boy,  aged 
eleven,  in  whom  the  orifices  of  both  ureters  were  occluded 
by  a  very  large  vesical  calculus  :  the  resulting  bilateral 
hydronephrosis  was  accompanied  by  an  enormous  hypertrophy 
of  the  left  heart.  I  also  saw  a  second  very  striking  case  in 
Breslau,  that  of  a  boy,  aged  eight,  with  the  most  advancod 
rachiiia,  who  for  a  long  time  lay  iu  the  surgical  wards. 
Owintf  to  the  extreme  narrowing  of  the  pelvis,  an  enormoua 
•  SCftuder,  *  Ztacbr,  f.  kUo.  Med^'  iv.  Eft.  t  Aod  9. 
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dilatation  of  the  rectum  and  sigmoid  flexure  had  developed^ 
and  the  narrow  pelvic  cavity  was  in  consequence  so  encroached 
upon  as  greatly  to  interfere  with  the  escape  of  the  urine  into 
the  bladder,  and  thus  grodtmlly  to  bring  about  enormous 
dilatation  of  both  ureters  and  liydronephrotic  atrophy  of  the 
kidneys.  All  the  time  the  boy  \vas  in  hospital  his  pulse  "was 
rery  tense,  while  the  autopsy  revealed  a  very  considerablo 
hypertrophy  of  the  left  ventricle ;  with  this  was  probably 
connected  the  polyuria  occurring  during  the  last  weeks  of 
life,  which  was  so  considerable  as  to  BUggeflt  the  idea  of 
diabetes  insipidus.  An  exquisite  case  of  left  cardiac  hyper- 
trophy, without  valvular  lesion,  in  conjunction  with  extreme 
hydronephrosis  had  already  been  observed  by  Friedreich.* 
Moreover,  the  literatnret  contains  many  statements  with 
regard  to  cystic  kidneys  whcro  the  post-mortem  examination 
revealed  considerable  hypertrophy  of  the  left  ventricle. 
Observations  such  as  these  leave  no  room  for  doubt,  I  tbink^ 
as  to  the  dependence  of  the  cardiac  hypertrophy  on  ronal 
affections,  in  which  considerable  resistances  are  permanently 
present  in  the  vascular  system  of  the  kidneys. 

Yet  the  connection  does  not  acquire  its  essential  import- 
ance and  really  practical  interest  till  we  come  to  the  con- 
sideration of  chronic  nephritis,  which  was  selected  by  us  as 
the  starting-point  of  our  discussion  ;  our  explanation  must 
hold  good  here,  if  it  is  to  have  any  value  whatever.  And 
it  does  hold  good,  unless  I  am  utterly  mistaken.  For  it  makes 
it  intelligible  that  the  increase  of  arterial  teusion  precedes  the 
cardiac  hypertrophy,  and  applies  equally  to  the  chronically 
inflamed  large,  aud  the  small  contracted,  kidue}',  since  the 
inflammatory  disturbanceof  the  circulation  through  the  glome- 
ruli aud  capillary  mcshwork  gives  rise  to  cousidenible  resist- 
ance, which,  it  is  true,  is  further  augmented,  or  is  exceeded^ 
when  many  of  the  glomeruli  are  compressed  and  atrophied 
and  numbers  of  the  renal  capillaries  lost.  Lastly,  this  ob- 
struction of  the  flow  through  tho  inflamed  kidneys  is  far  from 
being  done  away  with  by  the  hypertrophy  of  the  heart,  which 
merely,  as  you  will  shortly  hear,  moro  or  less  compen»}ates 
its  effects  on  tho  secretion  of  urine.     I  may  now  venture 

•  Friedreich,  in  Canstatt's  *  Jahrenb/  f.  1857,  lii,  p.  194. 
t  Cf.  Ikiubortfer,  L  c,  \k  35. 
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to  hope  that  joa  have  ceased  to  perceive  anything  incom- 
prehensible or  enigmatical  in  the  entire  process.  When 
the  inflammatory  changes  in  the  kidneys  have  reached  a 
certain  degree  of  intensity  and  distribution,  the  arterial  pres- 
sare  begins  gradually  to  increase,  and  this  is  necessarily  at- 
tended by  a  similarly  increasing  hypertrophy  of  the  heart.  The 
left  heart  will,  it  is  evident,  be  first  affected,  the  hypertrophy 
being  associated  or  not  with  dilatation  of  the  cardiac  cavity^ 
t.  e.  excentric  or  simple,  precisely  as  in  the  cases  of  stenosis 
of  the  aortic  orifice  or  of  general  arterio-sclerosis.  By  far 
the  most  frequent  change  in  these  cases  is  in  fact  an  hyper- 
trophy of  the  left  ventricle,  which  is  sometimes  enormous, 
and  beside  which  the  right  chamber  looks  like  a  small  ap- 
pendage. Still,  in  many  instances  the  hypertrophy  of  the 
left  is  followed  by  a  similar  enlargement  of  the  right,  heart— a 
circumstance  which  cannot  surprise  you  after  our  discussion 
of  the  cardiac  lesions.  For  the  right  side  hypertrophy  simply 
signifies  that  the  increased  bulk  of  the  left  ventricle  has  not 
sufficed  to  completely  overcome  the  abnormal  resistance  of 
the  very  tense  aortic  system.  All  this,  it  is  true,  applies  only 
to  the  pure,  uncomplicated  nephritis  of  comparatively  young  and 
strong  subjects  whose  nutrition  is  fairly  good ;  but  to  them  it 
applies  absolutely  and  without  further  qualification.  I  desire 
to  emphasise  this,  in  opposition  to  the  statements  of  the  ordi- 
nary text-books  and  to  the  opinion  prevalent  amongst  physi- 
cians, who,  while  they  acknowledge  the  great  frequency  of  car- 
diac hypertrophy  in  contracted  kidney,  look  upon  it  as  com- 
paratively rare  in  so-called  chronic  parenchymatous  nephritis, 
t.  e.  in  the  large  chronically  inflamed  kidney.  So  general  is 
this  the  opinion,  that  it  has  recently  been  thought  necessaryin 
Frerichs'  clinic'*^  to  describe  in  detail  the  clinical  histories  of 
several  instances  of  large  white  kidney  associated  with  hyper- 
trophy of  the  heart,  as  though  the  object  were  to  draw  atten- 
tion for  the  first  time  to  this  form  of  nephritis  1  In  opposition 
to  the  very  discrepant  statements  of  different  writerst  as  to 
the  frequency  of  cardiac  hypertrophy  in  association  with  the 
chronically  inflamed  large  kidneys,  I  can  assure  you  that 
during  the  many  years  in  which  I  have  attended  particularly 

*  Litten, '  Neue  Charit^-Annalen/  iv,  S.-A.,  p.  i. 
t  Cf.  Senator,  •  Virch.  A.,'  Ixxiii,  p.  319. 
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to  this  relationships  I  have  never  met  with  a  case  of  pure 
chronic  nephritis  in  fairly  rohiist  individaals  in  which  the 
hypertrophy  of  the  heart  was  absent.  Where  at  first  sight 
it  seemed  to  be  so,  more  accurate  examination  always  re- 
vealed the  presence  of  aviyloid  degeneration  j  and  although 
I  readily  admit  the  occurrence  of  geographical  differences  ia 
certain  forms  of  disease^  I  cannot  avoid  the  suspicion  that 
in  English  and  German  statistics  of  nephritis^  the  necessary 
discrimination  between  pure  chronic  nephritis  and  amyloid 
disease  has  not  been  rigorously  carried  out.  The  necessity 
of  this  dietiuction  in  the  question  now  engaging  our  attention 
18  suflSciently  obvious  ;  wherever  amyloid  substance  makes 
its  appearance  we  have  to  deal  with  individuals  who  are  the 
subjects  of  some  chronic  cachexia  or  other — tubercle,  syphilisi 
cariesj  &c.,  and  in  whom,  consequently,  there  is  an  absence 
of  one  of  the  conditions  indispensable  to  the  prodactioa  of  a 
high  arterial  tension  and  the  development  of  the  cardiac 
hypertrophy. 

The  great  length  at  which  we  have  discussed  the  relation 
between  renal  inflammation  and  cardiac  hypertrophy  may  per- 
haps be  excused  by  you,  on  calling  to  mind  the  powerful  in- 
fluence which  the  hypertrophy  must,  and  does  in  fact,  exert 
on  the  functional  derangement  of  the  inflamed  kidneys.  The 
increase  of  arterial  tension  is  accompanied,  a.s  you  know,  by 
an  increase  in  the  volume  of  the  urine,  while  the  quantity  of 
solid  urinary  constituents  is  not  augmented  in  the  same  pro- 
portion, and  the  un'ne  therefore  becomes  lighter  and  paler. 
This  is  the  effect  which  is  exerted  by  the  hypertrophy  of  the 
heart  on  the  inflamed  kidneys — certainly  on  the  inflamed 
glomeruli,  and  still  more  energetically  on  those  which  haee 
not  become  involved  in  the  inflammatory  process.  In  thia 
way,  the  diminution  iu  volume  of  the  urine  is  approximately 
compensated  in  the  large  red  or  white  kidney,  r.  e.  in  the  sub- 
acute or  moderately  chronic  form  ;  while  in  markedly  chronic 
nephritis,  under  the  influence  of  which  the  most  extreme  de- 
grees of  cai^liac  hypertrophy  are  developed,  the  action  of 
the  hypertrophy  in  causing  an  increased  secretion  of  urine 
may  couhidorably  exceed  the  effects  of  the  inflammation  and 
destruction  of  many  glomeruli  Lu  diminishing  it.  That  the 
urine  lo&es  its  deep  brownish-red  colour  and  its  high  specific 
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gravity  when  ita  amoant  is  increased  need  not  be  mentioned 
expreasly.  When  the  quantity  o£  nrine  is  approximately  nor* 
malj  ita  specific  gravity  nsually  remains  within  normal  limita, 
bat  where  its  volume  is  considerably  increased  the  specific 
gravity  becomes  remarkably  low,  although  the  total  quantity 
of  urea  and  other  solid  constituents  excreted  in  twenty-four 
honra  need  not  at  all  be  diminished.  You  see,  then,  that 
the  disturbances  of  the  normal  renal  function  brought  about 
by  the  inflammation  are  directly  compensated  by  the  cardiac 
hypertrophy  and  rise  of  arterial  pressure.  On  the  other  hand, 
however,  it  cannot  be  expected  that  the  escape  of  abnormal 
dissolved  or  formed  constituents  into  the  urine  should  be  pre- 
vented or  checked  by  the  hypertrophy  of  the  heart.  When  de- 
scribing the  urine  secreted  by  these  kidneys  (vol.  iii,  p.  i  ifto), 
I  bave^  in  fact,  stated  that  in  the  chronically  inflamed  largo 
kidneys  it  is  cloudy  and  aboands  in  albumen,  throwing  down 
a  copious  sediment  of  blood-corpuscles,  inflammatory  cor- 
puscles, and  all  varieties  of  casts  ;  and  though  the  secretion 
in  the  markedly  chronic  form  which  terminates  in  granular 
atrophy  contains  very  little  albumen  and  extremely  few  blood- 
corpuscles  and  casts,  yonr  attention  has  been  drawn  to  the 
fact  that  this  is  thoroughly  explained  by  the  extremely  in- 
sidious coarse  and  trifling  amount  of  renal  tissue  invoked  at 
any  one  time  in  the  inflammatory  process.  For  that  the 
cause  of  the  albuminuria  should  be  sought  in  these  inBam- 
matory  changes  and  not  in  the  cardiac  hypertrophy  and  high 
arterial  pressure  may  be  inferred  directly  from  our  previoufl 
discussions,  and  I  have,  moreover,  dwelt  on  this  fact  on  a 
former  occasion  (vol.  iii,  p.  1 151)  to  an  almost  supcrfluouv 
extent. 

Daring  the  course  of  chronic  nephritis,  we  have  not  rarely 
an  opportunity  of  convincing  ourselves  in  one  and  the  snmo 
patient  of  how  greatly  the  constitution  of  the  urine  is  infla* 
enced  by  the  high  arterial  tension.  For,  as  in  the  cardiac 
lesion?,    so    here    too    the   r*'  '  *  'n^ 

either  transitorily,  e.^.  under  t  ,  „       y- 

tionaor  intercurrent  acute  pyrexia!  affections,  or  dofinitivelj, 
when  a  complicatir^n,  such  aa  a  valvular  lesion  or  perictirditiBj 
makoa  increased   tlc-mnndH  on  the  heart,  and  above  all  who 
fAd  energy  0/  the  hypertrrtphted  hearl'mimcle  heoome$  mohauUed, 
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whereupon,  as  you  knowj  ifc  usually  undergoes  fatty  degene- 
ration. So  soon  aa,  under  those  circurastancesj  the  arterial 
pressure  falls,  the  amount  of  urine  at  once  decreases ;  not 
only  in  the  large  chronic  haamorrhagic  kidneys,  but  also  in 
the  granular  form,  there  may  be  a  considerable  diminutioai 
— to  values  of  from  400  to  500  c.c,  such  na  arc  otherwise 
reached  only  in  acute  Bright's  disease.  The  more  scanty  the 
urine,  the  deeper  will  be  its  colour  and  the  greater  its  con- 
centration ;  yet,  owing  to  the  impairment  of  general  health 
which  accompanies  the  disturbance  of  compensation,  the 
production  of  urea  remains  within  moderate  limits,  and  the 
specific  gravity  of  the  urine  consequently  seldom  excoods 
1012 — 1015.  Obviously,  the  percentage  contents  of  albumen 
in  the  urine  are  also  increased  ivt  this  period.  But  that  which 
in  these  cases  is  only  a  transitory  or  final  phenomenon,  is  the 
rule  in  cases  of  chronic  nephritis  in  which  for  any  cause  the 
rise  of  arterial  pressure  and  cardiac  hypertrophy  have  failed 
to  sot  in.  Hence,  in  senile  contracted  kidney  there  is  usu- 
ally no  abnormal  increase  in  the  volume  of  the  urine,  and 
when  a  person  with  phthisis  or  disease  of  the  spinal  cord  do- 
velopa  a  pure  chronic  nephritis,  you  must  not,  for  similar 
reasons,  expect  an  abundant  secretion  of  urine.  Nor  is  the 
case  essentially  different  with  that  alteration  which  without 
doubt  is  by  far  the  most  freqnent  and  hence  most  important 
obstacle  to  the  development  of  cardiac  hypertrophy,  namely 
— amt/^otd  degeneration  of  the  kidneys. 

You  know  from  former  communications  that  the  kid- 
neys form  one  of  the  conunonest  seals  of  the  amyloid  pro- 
ooss,  and  I  need  only  supplement  this  by  stating  that  wo 
find  almost  no  cases  of  somewhat  advanced  amyloid  disease 
in  which  the  kidneys  are  quite  free  from  the  change.  Ever 
since  this  fact  l>ecame  more  accurately  appreciated,  and  in 
particular  since  we  learned  that  amyloid  degeneration  plaj's 
an  important  rvle  in  very  many  cases  which  formerly  were 
regarded  as  ptire  forms  of  Bright's  disease,  the  clinicians,  and 
pre-eminently  Traube,  have  persistently  endeavoured  to  ac- 
quire a  knowledge  of  the  infiaence  which  this  change  exerta 
npou  the  function  of  the  kidneys,  and  by  consequence  ou  the 
constitution  of  the  urine.  Nevertheless,  we  cannot,  unfor* 
tuuatoly,  so  far  claim  to  be  iu  possession  of  adequate  informa- 
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tion  with  regard  to  the  questioua  at  issue.  This  is  mainly 
owing  to  tlxe  extreme  inconstancy  of  the  anaiomic-al  appear-^ 
ancea  m  amyloid  kidneys.  Even  the  amyloid  change  itself 
exhibits  the  greatest  variations  in  its  distribution.  No  doubt^ 
we  moat  frequently  meet  with  degeneration  of  the  glomeruli, 
next  of  the  vasa  recta,  and  least  often  of  the  capillary  net- 
work ;  but  between  these  we  have  all  possible  combinatiouH. 
Sometimes  the  whole  of  the  glomeruli  are  degenerated  in  the 
extreme  ;  sometimes  many  are  affected  in  their  entirety,  others 
in  only  a  few  of  their  loops ;  again  it  often  happens  that  bo^ 
tween  the  amyloid  glomeruli  a  few  are  present  which  do  not 
yield  the  least  trace  of  the  characteristic  reaction.  Further, 
the  vosa  recta  are  occasionally  alono  involved,  at  other  times 
the  vasa  recta  and  the  glomeruli ;  if  the  network  of  capillaries 
has  undergone  the  amyloid  change,  the  glomornli  are  usually 
similarly  degenerated,  though  it  may  also  happen  that  only  the 
vasa  recta  and  capillaries  are  attacked.  The  small  arteries  of 
the  cortex  very  commonly  share  in  these  various  combinations, 
wbilothemembranapropriaof  thetabnlesis  but  rarely  involved, 
and  probably  only  when  the  amyloid  disease  is  extreme  and 
widely  distributed.  More  striking  still  than  these  irregularities, 
is  the  condition  of  the  renal  tissue  proper  in  amyloid  degenera- 
tion. In  the  first  place,  it  is  not  so  very  uncommon  to  meet 
with  kidneys  which,  except  for  the  amyloid  of  the  vessels, 
do  not  present  the  least  alteration  of  the  epitheliwm  or  inter* 
etitial  titfttueif.  In  a  second  group  of  waxy  kidneys  ike  epl^ 
theliuvi  of  the  urinary  tubulce  has  undergone  a  more  or  loss 
extensive  fntty  degeneration,  when  the  interstices  surround* 
ing  the  markedly  degenerated  tubules  are  also  full  of  fat- 
drops.  But  decidedly  the  most  frequent  change  in  the  amy- 
loid kidneys  is  a  condition  of  chronic  inflamraation  ;  we  meet 
with  both  large  u^hite,  and  also,  though  more  rarely,  with 
contracted^  amyloid  kidneys.  If  we  inquire  into  the  signi- 
fication of  all  these  differences,  it  cannot  reasonably  be  doubted 
that  cases,  in  which  the  amyloid  change  involves  only  some 
of  the  glomeruli  and  that  partially,  or  in  which  only  certain 
portions  of  some  of  the  vasn  recta  are  diseased,  must  be  re- 
garded as  comparatively  recent,  while  an  extensive  degeaera- 
tioD  speaks,  on  the  contrary^  for  a  relatively  long  dnratioD  of 
the  affection.     But  as  regards  the  much  mure  interesting 
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question  of  bow  ifc  happens  that  the  process  begins  on  one 
occasion  in  the  glomeruli,  on  another  in  the  vasa  recta,  &c., 
we  are  absolutely  without  information.  Moreover,  with  re- 
ference to  the  condition  of  the  renal  tissne  in  the  waxy  kid- 
ney, the  chief  importance  has  "been  attached  by  many  to  the 
alteration  of  the  vessels,  which  ia  supposed  to  constitute  the 
chief  of  all  the  changes :  where  the  renal  tissne  is  intact,  we 
have,  it  is  said,  to  deal  with  comparatively  fresh  cases  ;  had 
the  amyloid  degeneration  of  the  vessels  laated  longer,  there 
would  have  occurred  fatty  degeneration  in  the  epithelial  and 
iuterstitial  tissues,  leading  to  the  destruction  aud  loss  of  mauy 
epithelial  cells,  and  thereby  to  cellular  in6Itration  and  thicken- 
ing of  the  interstices.  It  agrees  with  this  view,  which  is 
also  defended  by  "Weigert,*  that  where  the  amyloid  change 
is  extensive  marked  alterations  of  the  tissues  can  hardly  fail 
to  be  detected.  Still  I  have  not  been  so  far  able  to  convince 
myself  of  its  exclunivB  applicability.  In  view  of  the  facts  ac- 
quired with  reference  to  other  organs,  e,  g,  the  liver,  I  raise 
no  objection  to  the  notion  that  the  fatty  degeneration  of  the 
epithelium  should  be  regarded  as  the  direct  consequence  of 
the  disease  of  the  vessels.  Yet,  in  my  opinion,  the  facts 
connected  with  the  liver,  &c.,  do  not  warrant  our  asserting 
such  a  relation  of  dependence  for  the  true  inflammatory  al- 
terations j  for  even  in  the  most  extreme  and  chronic  amyloid 
disease  we  do  not  as  a  rule  find  the  least  sign  of  any  infiam- 
matiou  in  the  liver,  heart,  lymphatic  glands  or  intestine. 
Still  less  can  it  be  supposed  that  the  amyloid  develops  iu  the 
train  of,  and  owing  to,  the  chronic  renal  disease  ;  this  idea 
is  negatived  by  the  cases  of  amyloid  of  the  vessels  with  the 
renal  tissue  intact,  and,  moreover,  there  is  rarely  any  diffi- 
culty in  determining  the  causes  of  the  amyloid  change.  Ac- 
cordingly, there  is  no  alternative,  it  is  clear,  but  to  regard 
the  nephritis  and  the  amyloid  degeneration  as  Uco  indrjientU 
vnt  co-ordinated  derangements,  which  have  attacked  the  same< 
organ  and  probably  in  most  cases  are  due  to  the  same  cause. 
This,  in  my  opinion,  is  the  simplest  explanation  of  the  occur- 
rence of  amyloid  alone,  or  associated  at  one  time  with  fatty 
degeneration  of  the  epithelium,  at  another  with  true  nephritis. 
For  since  syphilis,  phthisis,  chronic  suppuration,  &c.,  may 
*  Weigerti  *  Volkuuutn'Bche  Yortr.,'  JNo6.  i6a,  163. 
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bring  about  nephritis  as  well  as  amyloid  degeneratioDj  we 
must  be  prepared  to  meet  one  or  other,  or  both  together, 
when  the  kidneys  become  implicated^  in  sach  patients.  In 
the  latter  casOj  it  is  evidently  not  necessary  that  both  difi- 
eases  should  develop  simaltaneously ;  this  is  possible,  but  it 
is  equally  possible  for  the  amyloid  degeneration  to  precede 
the  inflammation,  nor  is  the  development  of  the  amyloid  change 
in  an  inflamed  kidney  excluded.  Moreover,  if  the  amyloid 
degeneration  and  the  nephritis  are  the  effects  of  absolutely 
different  causes — if,  e,g.  a  gouty  person  with  contracted  kid- 
neys acquires  syphilitic  amyloid  disease — the  two  conditious 
will  not  follow  any  rule  as  regards  their  combination. 

Since  such  diversity  prevails  in  the  anatomical  changes 
occurring  in  amyloid  kidneys,  it  would  clearly  bo  absurd  to 
expect  the  constitution  of  the  urine  to  be  identical  in  all  these 
cases.  "With  a  view  to  becoming  acquainted  with  the  influ- 
ence which  the  amyloid  degeneration  exerts  on  the  renal 
function,  it  will  be  most  advantageous  to  confine  ourselves 
in  the  first  instance  to  those  kidneys  in  which  the  disease  of 
the  vessels  either  constitutes  the  only  change,  or  is  at  most 
complicated  by  moderate  fatty  degeneration  of  the  epithe- 
lium. Yet  even  in  these  simple  cases  a  conclusion  is  ren- 
dered difficult  by  the  fact  that  we  have  to  deal  in  the  great 
majority  of  instances  with  individuals  whose  constitution  and 
general  state  have  been  undermined  by  more  or  loss  serioas 
illness.  What  the  primary  disease  fails  to  accomplish  in  tins 
direction  is  effected  by  the  amyloid  degeneration,  regularly 
distributed  as  it  is  over  the  different  organs.  The  great 
majority  of  the  individuals  with  waxy  kidneys  are  ana?mic; 
very  many  of  them  have  hectic  fever,  others  have  oedema^ 
and  not  a  few  suffer  from  severe  digestive  disturbance,  if 
for  no  other  reason,  because  of  the  int<?6tinal  amyloid.  All 
these  matters  are  obviously  of  importance  for  the  urinary 
accretion,  but  they  act  partly  in  very  different  directions. 
While  the  anromia  c^inses  per  fte  an  increased  Bccrotion 
of  urine,  pyrexia,  cedema,  and  above  all  profuse  diarrhcei 
are  factors  which  tend  to  diminish  its  araoniU ;  agafoj 
the  production  and  excretion  of  area  suffer  in  consequence 
of  the  diarrhooa,  but  are  furthered  by  the  pyrexiftl  rise  of 
tujperiiture.      It  cannot,  itieruforoi  excite  surprise  that  tht: 
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ptcture  presented  hy  ike  urine  in  p^ire  amyloid  kidneys  is  an 
extremely  variable  one  as  regards  amount^  colour,  urea-con- 
tonts,  and  specific  gravity;  and  though  it  may  be  stated  in 
general  that  the  patients  in  question^  when  not  labouring 
either  under  diarrhoea  or  pyrexia,  pass  a  fairly  largo  quan- 
tity of  pale  yellow  urine,  with  somewhat  diminished  urea- 
contonts,  and  a  specific  gravity  keeping  close  to  the  normal 
values,  there  are  many  exceptions  to  this  rule*  Thus,  in 
many  cobob  the  strikingly  largo  amount  of  the  urine,  which 
is  always  of  low  specific  gravity,  attracts  attention ;  this  is 
sometimes  observed  to  persist  for  a  time,  or  it  may  givo 
place  on  alternate  days  to  a  diminution  of  the  secretion. 
The  most  nnquestionably  constant  character  of  the  pure  amy- 
loid urine  is  its  clearticm  ;  it  contains  extremely  few  blood* 
corpuscles  and  casts,  if  any,  and  scarcely  throws  down  a 
sediment  on  standing.  This  character  is  the  more  noteworthy, 
since  considerable  quantities  of  dissolved  albumen  are  present, 
as  a  rule.  A  contents  of  i — 2  per  cent,  albumen  is  quite 
common  in  pure  amyloid  urine ;  occasionally  even  larger 
quantities  are  observed,  and  certainly  this  variety  of  urine  is 
one  of  those  most  rich  in  albumen.  Yet  you  will  clearly 
understand — as  a  rule  only.  For  we  meet  with  amyloid 
kidneys  that  secrete  urine  which  is  at  least  temporarily,  and 
may  be  lastingly,  free  from  any  trace  of  albumen,  and  Bartels 
is  in  error  when  he  categorically  denies  that  albuminuria  may 
bo  absent  in  amyloid  disease  of  the  kidneys.*  I  have  myself 
several  times  seen  amyloid  kidneys  in  people  whose  urine, 
according  to  the  statement  of  their  medical  attendant,  never 
jieldcd  the  reaction  of  albumen;  by  clinicians  also  this  has 
repeatedly  been  observed,t  and  WeigertJ  rightly  remarks 
that  in  cases  of  amyloid  associated  with  marked  albuminuria 
it  is  impossible  to  say  whether  the  amyloid  degeneration  has 
from  the  start  been  attended  by  albumen  in  the  urine.  How-* 
ever  great  the  probability,  therefore,  of  an  amyloid  degene- 
ration of  the  renal  vessels  when  the  urine  is  clear,  pale  yellowp 

•  Barteln,  l.c,  p.  463. 

t  Cf.  Lillon,  'Borl.  klin.  WochoMchr./  1B78,  Na  aa ;  *N.  OiariU. 
Annaltfii,'  iv,  S.-A-,  p.  at  ;  Rosenstein,  '  Pnth.  u.  Tber.  d,  Niorenknuik- 
beitcn/  p.  258  ;  Wagnor,  •  M.  Br./  p.  327. 

J  Weigeri,  loc.  cit,  p.  17. 
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approximately  normal  in  volume  and  specifio  gravity,  and 
containing  a  large  amount  of  albumen,  especially  when  tuber- 
culosis, syphilisj  or  any  of  the  diseases  known  to  givo  rise  to 
the  amyloid  chango  is  present,  yet  the  non-occun*ence  of  the 
degonoralion  of  the  vessels  cannot  be  certainly  inferred  from 
the  absence  of  albumen.  Still  it  would  be  easy  to  submit  to 
this  diagnostic  inconvenience^  if  only  some  light  were  shed  by 
it  on  the  nature  of  amyloid  albuminuria.  On  this  point  the 
moat  different  assumptions  have  been  entertained.  By  many 
writers  it  is  absolutely  denied  that  mere  amyloid  of  the 
vessels  gives  rise  to  albuminuria,  which  only  sets  in  after  the 
disease  of  the  vessels  has  become  complicated  by  fatty  de- 
generation of  the  epithelium,  or  by  nephritis — a  view  shown 
to  be  false  by  Traube,  who  pointed  out  the  existence  of  kid- 
neys in  which  the  vascular  amyloid  was  the  only  disease  of  the 
tissues  present.  The  attempt  to  explain  the  albuminuria  in 
pore  amyloid  kidney  by  the  fall  of  blood-pressure  duo  to  the 
constitutional  disease,  is  rendered  abortive  by  the  fact  that 
the  quantity  of  albumen  excreted  far  exceeds  that  escaping 
into  the  urine  eis  the  result  of  a  lowered  blood-pressure ;  still 
less  tenable  is  the  opposite  view,  according  to  which  the  albu- 
minuria is  caused  by  a  rise  of  blood-pressure  in  the  non- 
affocted  glomeruli,  which  itself  depends  on  the  imporviona- 
ucss  of  the  degenerated  ones.  This  abnormal  resistance  on 
the  part  of  the  amyloid  glomeruli  is  rather  a  subject  for 
theoretical  discussion  than  an  actually  demonstrnted  fact. 
We  are  completely  ignorant  as  to  the  state  of  the  circulation 
in  amyloid  vessels,  and  if  on  artificially  injecting  the  kidneya 
post  mortem,  some  of  the  glomeruli  or  a  few  of  their  loo| 
do  not  take  the  injection,  this,  it  is  easy  to  uoderstand,  < 
not  prove  anything  as  regards  the  circulation  during  life. 
Accordingly,  all  attempts  to  explain  the  origin  or  the  absoncOj 
of  albuminuria  from  the  mode  in  which  the  blood  circulatiN 
through  the  degenerated  glomeruli  are,  in  my  opinion,  purely 
illusory.  So  far  as  I  am  concerned,  the  hypothesis  start^x 
when  this  disease  was  first  recognised  still  appears  the  most' 
plansible  one — that  the  vessels  become  abnormally  permeabUi 
lo  disstdvcd  alhiimcn  in  cm,  of  the  n-myhnd    ' 

t  is  naturally  the  gi  i  that  are  hero  cLj     ^   - 

Lnd  it  is  tliei-efore  not  without  interest  that  in  many 
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cases  of  noD-albuminous  nriiie>  the  amyloid  change  has  been 
found  to  involve  exclusively,  or  at  leaat  very  preponderatingly, 
the  vasa  recta,  NevertbelesB,  it  would  bo  an  error  to  look 
apon  this  as  a  law  ;  even  in  waxy  degeneration  of  the  glome- 
ruli, the  absence  of  all  albutniuuria  has  been  repeatedly  de- 
termined. As  to  the  cause  which,  despite  the  abnormal 
permeability  of  the  glomeruli,  prevents  the  escape  of  albu- 
men into  the  urine,  I  am  unwilling  to  speculate,  more  espe- 
cially as  we  do  not  possess  any  thorough  investigations  into 
the  condition  of  the  glomerular  epithelium  in  amyloid  disease 
of  these  vessels.  While  our  inability  to  discover  in  the  con- 
dition of  the  diseased  vessels  themselves  or  in  that  of  the 
remaining  renal  tissues  any  reason  for  the  non-occurrence 
of  albuminuria  is,  it  is  true,  a  lamentable  defect;  yet  this 
fact  does  not  seem  to  me  to  constituto  any  insuperable  ob- 
jection to  the  hypothesis  of  an  increased  permeability  of  the 
amyloid  capillaries  to  dissolved  albumen^  an  hypothesis  which 
is  better  adapted  than  any  other  to  render  intelligible  the 
peonliar  constitution  of  the  amyloid  urine, — the  abundance 
of  albumen  and  ike  almost  complete  absence  of  formed  ele» 
mentfi. 

It  ifl  very  different  with  the  nrine  in  amyloid  nephritis, 
t.  e.  in  those  cases  which  are  characterised  by  the  combina- 
tion of  amyloid  degeneration  of  the  vessels  with  typical  in- 
flammatory alterations.  This  form  embraces,  as  already 
mentioned,  first  the  "  large  white  kidneys "  of  English 
writers,  which  in  their  descriptions  they  have  unfortunately 
included  with  the  pure non -amyloid,  chronic  nephritis.  Bartels, 
who  willingly  adopted  the  view  of  English  pathologists,  oven 
states  expressly  that  in  chronically  inflamed  kidneys  the 
small  arteries  and  Malpighian  tnfts  are  very  frequently  found 
in  a  condition  of  amyloid  degeneration,*  but,  strange  to  say, 
he  fails  to  see  herein  a  reason  for  distinguishing  this  freqaent 
form  from  that  in  which  the  amyloid  is  absent.  In  this  way 
is  to  be  explained  the  occurrence,  in  Bartels*  description  of 
his  chronic  parenchymatous  inflammation,  of  many  state- 
ments which,  if  maintained  with  regard  to  the  large  amyloid 
nephritic  kidneys,  I  should  be  unwilling  to  subscribe  to ; 
more  especially  the  asserted  retrogression  of  the  process,  so 
•  •  BartelSf  1.  c,  p.  313. 
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repeatedly  emphasised  by  him ;  for  that  a  large  white  amy- 
loid kidney  can  ever  become  "retrograde"  appears  extremely 
doubtfol.  Oa  the  other  handj  you  may  safely  iufer  from  this 
procedure  of  Bartels  that  the  fanctional  distarbances  occa- 
Bioned  by  simple  and  by  amyloid  chronic  nephritis  hare  a 
strong  resemblance^  or  indeed  are  identical,  in  many  respects. 
In  fact,  the  nrine  in  large,  white,  amyloid  kidneys,  or — to  use 
a  favourite  term  in  this  country — the  wfUMj  or  butter 'kidn&^, 
is  always  rich  in  albumen  and  in  formed  constituents  ;  it  has 
a  deep  red  colour,  is  rather  clondy  from  the  first,  and  throws 
down  a  sediment  in  which  red  corpuscles  are  present  only  in 
small  numbers,  but  which  contains  colourless  corpuscles, 
besides  casts  of  every  kind,  together  with  fattily  degenerated 
epithelium  and  masses  uf  fatty  detritus.  True,  the  urine  is 
not  usually  quite  so  cloudy  as  in  simple  chronic  nephritis,  nor 
is  the  sediment  so  rich  in  colourless  blood-corpuscles  and 
casts,  without  doubt  because  the  amyloid  glomeruli  perma- 
nently retain  a  certain  degree  of  impermeability  towards 
formed  constituents.  On  the  other  hand,  the  amount  of 
dissolved  albumen  present  is  wont  to  be  still  greater  than  in 
non-amyloid  chronic  nephritis  ;  3,  4,  or  even  5  per  cent, 
albumen  has  repeatedly  been  found  in  snoh  cases,  and 
Bartels  is  right  in  drawing  attention  to  the  fact  that  such 
large  quantities  of  albumen  are  nut  discharged  in  any  other 
form  of  renal  disease.  But  the  increased  percentage  excre- 
tion of  albomen  is  greatly  dao  to  a  circumstance  l>y  which 
the  urine  of  chronic  amyloid  nephritis  is  wont  to  bo  es^cu- 
tiaUy  distinguished  from  pare  chronic  Bright's  disesse — I 
mean  its  »mall  x^olume.  This  diminution  in  the  amount  of 
urine  Bccroted  is  not,  it  is  true,  always  equally  great ;  yofr  it 
is  mostly  really  considerable;  for  weeks  and  months  together 
the  daily  volume  may  be  approximately  from  400  to  500  c.c. 
The  urine  has  then  a  dark  red  colour,  and,  owing  to  its  ro<- 
duced  amount,  a  high  specific  gmvity,  although  the  absolute 
quantity  of  urea  excreted  daily  remains,  as  a  rule,  '  *   r-. 

ably  below  the  norma],     I   need  hardly  say  to   w  h 

important  difference,  as  compared  with  the  arineof  Bright's 
large  kidneys,  is  due ;  for  yon  know  that  it  is  through  the 
*trophy  of  the  heart  that  the  latter  acquires  its  larger 
10  and  clearer  colour,  and  in  the  characters  of  the  nrine 
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of  amyloid  nephritis,  as  just  described,  yoa  recognise  the 
direct  result  of  the  ahxcnce  in  these  cattes  of  inereajte  of  arterial 
ien/n^m  and  cardiac  hypertrophy.  The  excessive  richness  of 
the  urine  in  alburaou  in  these  diseases  is  obviously  due  to 
the  abnormal  permeability  of  the  amyloid  glomeruli  towards 
the  dissolved  albuminous  bodies  of  the  blood-serum. 

The  other  variety  of  chronic  amyloid  nephritis,  the  amyloid 
contracted  kidney,  is  much  rarer  than  the  large  white  amyloid 
kidney.  Its  comparative  rarity  is  simply  explained  by  the 
foot  that  the  time  requisite  for  the  production  of  granular 
atrophy  is  not  allowed  in  the  case  of  persons  bo  seriously 
diseased.  On  the  other  hand,  however,  the  long  duration 
and  extremely  protracted  course  of  nephritis  terminating  in 
contraction  admit  of  a  result  which  could  hardly  occur  in  less 
chronic  forms,  namely  the  eMahlishment  of  amyhnd  degenera* 
tion  in  kidneys  already  granular.  In  this  case  the  cardiao 
hypertrophy  is  not  absent,  and  the  urine  of  such  kidneys  is 
distinguiBhod  from  that  of  the  pure  contracted  form  solely 
by  its  large  aliuminaus  cantents.  But  if  the  amyloid  degene- 
ration bo  not  merely  a  late  complication  of  renal  contraction, 
and  have  arisen  pari  passu  with  the  chronic  nephritis,  an 
hypertrophy  of  the  heart  will  fail,  for  the  well-known  reasons, 
to  occur,  and  the  urine  will  acquire  characters  which  have 
often  led  the  physician  astray.  Owing  to  the  absence  of  all 
extensive,  active  inflammation,  it  is  clear,  paUj  contains  very 
few  formed  constiluefitSj  and  hardly  throws  down  a  sediment. 
Bat,  in  consequence  of  the  amyloid  disease  of  the  vessels,  it 
is  rick  in  albumen,  and  would  therefore  closely  resemble  the 
pure  amyloid  urine,  were  it  not  that^  &s  a  rule,  its  volume  is 
Hbr\ormii\]y  reduced.  True,  this  diminution  is  far  from  being 
so  considerable  as  in  the  large  white  amyloid  kidney,  yet  not 
more  than  a  litre  to  1200  c.c.  is  passed.  With  this  scantiness, 
Agaitij  the  comparatively  low  specific  gravity — on  the  average 
loio  to  1012 — is  wont  to  contrast,  so  that  this  urine  nnites  in 
itself  some  of  the  characters  of  the  secretion  in  the  most 
different  forms  of  nephritis.* 

*  Cf.  'Wft^er,  'Morb.  Br./  p.  339.  et  tsq.,  who  believes,  according  to  his 
experirncc,  that  tin?  xhnrp  distinction  of  the  urine  of  the  pure  amjloid  from 
thftt  of  the  ttmjloid  nephritic  kidney  i«  somewhat  arbitmrj,  and  hardlj  to 
be  carried  out  in  practice. 

VOL.  lit,  HUUH 
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'yr  'L^r»A  ca^«*  of  FipparaSLT*  a*rLr:i:s  K>  aoircTfts^T  demon- 

ctrftS^  **i»i^  cwlt«  cf  ;i.£*s:aA::-.=.  iil  'iief'ira  of  cn^nctexisnc 
K'fM/r^U^  of  fyirz-rrria.  I  have  priacipal^T  in  miitd  the  raiall 
f'xi  wt:cL  fcr*r  '^\  of:*a  fv-ad  isi  the  '»ii£«  of  perscriis  who 
hftve  v^r.hhed  frozi  jyvz-nir,  miotic,  or  ocher  &ilied  pioeesa, 
V/a5  whi-^L  Are  espfeciij'.j  cnarftct^ristic  cf  en/f'::car4iuu  uiotn^ta, 
lii  tL>  lAC:^r  disease  they  are  uscftlij  ciec  wiih  in  reallj 
a4V^cUh::.tr  <itiaL;::ie«,  distrlbcied  over  ihe  vhcle  kidney, 
cfjrU:x  ^a  we/i  be  xa^iclla — the  cedalla  being  the  fnToorite 
«it<ui::on  of  toe  foci  in  the  septic  prccesfies — and  one  is  struck 
Mt  the  firnt  (fiaLce  bj  the  presence^  b-ith  on  the  snrfaee  of 
the  orithn  and  of  the  section,  of  iununterahU  'jr*r^  or  gnyitK' 
ytlU/tr  ap^^kjn  an^i  Mlr/:ala,  which  are  often,  bat  cot  alwava, 
marked  off  atrain^t  the  reoiaiiiing  renal  tiroes  by  small  rings 
of  hsemorrhage.  Microscopic  examination  shows  them  all  to 
be  necrotic,  necrotic  purulent,  or  pumlent  hsemorriiagic  fod, 
the  centres  of  which  are  invariably  occopied  by  smaller  or 
larger  'jrouyi  of  microcoecu  It  is  asoally  possible  to  make 
oat  the  situation  of  the  groups,  which  occupy  the  interior  of 
bl'>/<l-ve«i!els  ;  and  this  can  easily  be  shown  to  be  the  loca- 
tion of  the  many  colonies  which  microscopic  examination 
proTes  to  lie  outride  the  small  foci  in  the  midst  of  the  per- 
fectly Dormal  and  absolutely  nnaltered  tissues  of  the  vicinity. 
The  larger  groups  of  micrococci  are  situated  in  the  smaller 
arteri€rM  of  the  cortex  or  medulla,  and  are  sometimes  delicately 
branched  as  they  follow  the  ramifications  of  the  vessels ;  some 
of  the  bDiall  colonies  occupy  the  glomeruli,  but  most  of  them 
are  found  in  the  meshwork  of  capillaries.  The  foci  caused 
t  are,  as  already  stated,  minute,  and  rarely  exceed  one 
re  in  diameter ;  yet  even  when  they  attain  this  sixe 
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some  of  the  nrinarj  tabales  in  the  Qeighbourhood  will  be 
found  to  be  included. 

But  the  ffict  that  when  necrotic  inflammatory  or  com- 
pletely purulent  foci  are  discovered  in  the  kidney,  their  cen- 
tres are  occupied  by  unmistakable  groups  of  micrococci  does 
not  allow  of  our  concluding  without  farther  evidence  that 
the  latter  have  been  carried  into  the  positions  occupied  by 
them  from  the  a.  rcnalis.  For  there  is  a  second  path  by 
which  the  exciter  of  inflammation  may  reach  the  kidneys,  a 
path  which  I  pointed  out  at  the  commencement  of  our  dis* 
cussions  on  nephritis — I  mean  the  uretor  and  pelvis  of  the 
kidney,  Non-suppurative  nephritis  never,  so  far  as  we  yet 
know,  originates  in  this  way  ;  but  this  mode  of  infection  ia 
all  the  more  important  as  regards  the  suppurative  form.  It 
is  thus  that  jnjehnephrili/t  arises,  a  very  important  and  justly 
dreaded  affection,  which  is  deserving  of  attention,  if  for  no 
other  reason,  because  it  was  the  first  in  which  colonies  of 
micrococci  were  demonstrated — by  Klebs,  as  is  well  known — 
in  the  bnman  organism.  In  this  disease,  as  you  doubtless 
remember  (cf,  vol.  i,  p.  345),  the  schizomycetes,  after  having 
passed  from  the  bladder  through  the  ureter  into  the  pelvis 
of  the  kidney,  enter  the  open  collecting  tubules  of  the 
papillse,  and  penetrate,  against  the  stream  of  urine,  through 
the  straight  tubules  high  up  into  the  cortex  ;  and  wherever 
they  remain  fixed  and  multiply  to  form  large  masses  they  give 
rise  to  a  necrotic  purulent  inflammation  in  their  immediate 
neighbourhood.  Accordingly,  the  pyelonephritic  purulent 
foci  always  have  a  linear  form,  which  corresponds  precisely 
in  direction  to  the  straight  urinary  tubules.  The  pyelo- 
nephritis is  sometimes  unilateral,  but  both  kidneys  are  much 
more  frequently  affected;  the  number  of  foci  varies  extremelyi 
from  a  few  to  such  multitudes  that  the  surface  of  the  section 
becomes  striped  with  yellow  lines,  extending  from  the  pelvis  in 
the  direction  of  the  superficies,  while  the  surface  of  the  orgaa 
is  thickly  dotted  over  with  yellow  spots.  The  size  of  the 
individual  foci  is  equally  varied ;  they  may  consist  only  of 
short  streaks,  or  may  extend  from  the  papilla  to  the  surface 
of  the  kidney,  and  between  these  two  extremes  there  may  be 
every  conceivable  gradation.  The  transverse  diameter  uf  the 
foci  is  usually  slight,  but  the  confluence  of  neighbooriug 
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ones  may  give  rise  to  broad  zones  of  sapporation.  THe  seat 
of  this  pamlent  infiammation  is  obviously  the  vascular  inter- 
stitial tissue ;  yet  it  is  no  less  obvious  that  the  tubules  in- 
cluded in  the  foci  will  also  be  involved.  The  epithelium  of 
the  tubule  containing  the  colony  is  of  course  already  necrotic 
before  the  purulent  inflammation  begins ;  but  that  of  the 
remaining  tubules,  bathed  in  purulent  exudation,  cannot 
possibly  preserve  its  integrity. 

While  it  is  characteristic  of  these  suppurative  renal  in- 
flammations that  they  appear  in  the  farm  offoct,  this  applies 
with  still  greater  force  to  the  larger  collections  of  pus  in  the 
kidneys,  the  true  abscesses.  ThesCj  as  already  stated,  are 
either  of  traumatic  origin,  or  they  are  constituent  phenomena 
of  that  severe  pyssmic  process,  in  which  abscesses  develop  ia 
all  possible  organs,  in  the  kidneys,  liver,  lungs,  brain,  spleen, 
muscles,  joints,  &c.  The  kidneys,  it  is  true,  are  far  from 
being  so  frequently  involved  as  the  liver  and  lungs,  yet  they 
are  by  no  means  low  down  in  the  scale  of  frequency. 
These  abscesses  also  vary  greatly  in  dimensions,  from  mere 
"  miliary  "  foci  to  the  size  of  a  potato,  or  more  ;  but  whether 
small  or  large  they  consist  solely  of  true,  greenish-yellow 
pus,  which  as  a  rule  has  a  viscid  consistence ;  within  their 
area  all  the  renal  tissues  have  perished.  Yet  however  volu- 
minous these  abscesses,  well-preserved  renal  tissue  always 
remains  in  the  vicinity  ;  for  a  diffuse  suppurative  injlammei' 
lion  involving  the  whole  kidney  never  occurs. 

From  this  fact  it  directly  follows  that  even  the  most  severe 
suppurative  nephritis  cannot  give  rise  to  complete  annria. 
Should  you,  however,  inquire,  what  then  are  the  functional 
disturbances  occasioned  by  purulent  inflammation  of  the  kid- 
neys, I  cannot  give  yon  much  positive  information.  These 
cases  are  not  usually  simple  and  uncomplicated,  for  we  have  in 
the  great  majority  of  instances  to  deal  with  severe  pyrexial 
disease,  in  which  many  things  coDtribute  to  disturb  the  secre- 
tion of  urine  ;  and  in  pyelonephritis  we  meet  with  the  addi- 
tional difficulty  that  the  nrine  passed  by  the  patient  and 
handed  to  us  for  examination  is  not  the  unaltered  renal  se- 
cretion, but  contains  mixed  with  it  the  products  of  the  puru- 
lent pyelitis,  and  frequently  too  of  a  ureteritis  and  cystitis. 

16  formed  constituents  of  the  urine  must  certainly  be  re- 
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ferred  to  these  complications,  And  mainly  to  the  pyelitis ; 
they  are  present  in  such  quantities  that  the  orine  is  quite 
cloudy  when  passed,  and  deposits  a  copious  sediment.  The 
sediment,  however,  is  essentially  distinguished  from  that  of 
non*8uppurstive  nephritis;  for  by  far  the  greater  part  of  it 
consists  of  pu«-corpu»clti8f  compared  with  which  the  rod  blood- 
corpuscles  arc, as  a  rule^in  a  great  minority;  in  addition  itcon- 
taina  epithelial  cells  whose  shape  allows  no  doubt  that  thoyare 
derived  from  the  pelvis  or  bladder,  and  not  from  the  kidney 
itself ;  no  casU  are  present  in  the  sediment,  but  the  freshly 
passed  urine  very  often  swarms  with  bacteria.  It  is  fnrther 
character istio  of  the  urine  of  pyelonephritis  that  it  contains 
only  minute  quantities  of  dissolved  albumen  ;  its  reaction  is 
frequently  alkaline,  which  is  decidedly  exceptional  in  ne- 
phritic urine.  On  the  whole,  the  nrine  gives  one  the  impres- 
sion of  being  the  normal,  hut  7\o  longer  freah,  secretum,  with 
which  a  t^naniity  of  pus  had  been  viijted.  Even  in  cuses  of 
BUppurntive  nephritis  where  the  large  urinary  passages  are 
intact,  we  are  not  justiticd  in  at  once  attributing  every  ab- 
normality of  the  urine  to  the  renal  affection.  If,  e^g,  the 
nrine  contains  a  little  albumen,  and  is  somewhat  redaced  in 
amounti  both  these  changes  may  very  well  depend  on  the 
pyrexial  septic  general  affeotinnj  which  equally  attends  the 
email  multiple,  as  well  as  the  large,  renal  abscesses.  These 
in  fact  constitute  in  most  cases  the  only  changes  presented 
by  the  urine,  so  that  a  diagnosis  of  this  form  of  purulent 
nephritis  based  upon  the  characters  of  the  urine  is  altogether 
out  of  the  question  ;  for  even  should  the  urine  contain  a  few 
pns-corpusclea,  this  does  not  allow  of  our  distinguishing  ifc, 
from  simple  pyrexia]  albuminuria.  Under  these  circumstance8|. 
the  urine  in  purulent  nephritis  has  perhaps  a  greater  nega»] 
tive  than  positive  pathological  interest.  For  if  in  such  a 
severe  interstitial  inOauimation,  by  which  innumerable  nri- 
nary  tubules  are  affected,  owing  to  the  nnmber  of  the  foci 
when  these  are  miliary,  the  urine  does  not  contain  a  quantity, 
of  albumen  worth  mentioning,  nor  any  formed  con«tituent«| 
in  particular  castfi,  this  fact  apparently  constitutes  a  note- 
worthy indication  of  the  high  degree  in  trhirh  thf  gUntn^ruH 
contribute  to  the  production  of  the  alhuminvrin  and  urinary 
sediment  in  renal  inflammation.      This  conclusion  would,  it 
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IB  truei  be  more  acceptable,  were  we  able  to  define  tlio  &bare 
wbich  the  tubules  included  in  the  foci  take  iu  the  secretion 
of  urine.  Why  the  glomeruli  from  which  these  tubules  spring 
should  not  go  on  secreting — provided  they  are  not  ihemselTds 
included  in  the  foci — appears  impossible  to  explain  ;  yet  wo 
are  ignorant  as  to  whether  the  tubntar  lumina  within  the 
foci  are  not  obliterated  by  the  pressure  of  the  surroundinf? 
exudation  or  blocked  by  dead  epithelium.  Were  this  the 
case,  it  would  not  be  specially  remarkable  that  the  purulent 
foci  do  not  betray  their  presence  by  any  change  in  the  urine  ; 
and  in  any  case  this  point  must  be  decided  before  suppura- 
tive nephritis  can  be  succeesfully  utilised  for  the  theory  of 
albuminuria  and  cast- formation. 

What  we  have  determined  with  regard  to  suppurative  ne- 
phritis applies  also  to  tuhercidotne.  It  has  no  influence  on 
the  constitution  of  the  urine,  because,  as  may  certainly  bo 
assumed  here,  the  urinary  tubules  included  in  the  tubercular 
foci  no  longer  participate  in  the  secretion  of  urine  ;  only  wheu 
tubercular  pyelitis  is  simultaneously  present  can  the  urine 
contain  the  characteristic  hacillif  in  addition  to  the  products 
of  tuberculous  disintegration  and  caseous  detritus.  It  need 
hardly  be  mentioned  that  solid  tumours  of  any  kind  are  in- 
capable of  altering  the  characters  of  the  urine  ;  for  they  pro- 
duce no  disturbance  of  the  renal  function  except  that  aria* 
ing  from  the  loss  of  secreting  substance.  The  same  thing 
applies  to  the  infarcts  of  the  kiduey,  at  least  if  we  disregard 
the  slight  hmmaturia,  which  often  accompanies  their  fortna- 
tion. 


Having  hitherto  minutely  discussed  the  iny/amma/ory  altera* 
tions  of  the  membranes  engaged  in  the  secretion  of  orine,  it 
only  remains  to  consider  the  changes  that  may  take  place  in 
these  membranes  through  other  causes,  and  the  iutlnenco  of 
these  changes  on  the  urinary  secretion.  And  hero  we  have  to 
deal  first  with  a  disease,  to  which  reference  has  repeatedly 
been  made  in  this  section,  namely  cholera.  I  havt^  rt'ferred 
to  the  anuria  occurring  during  the  attack,  and  to  the  striking' 
poverty  in  salts  of  the  urine  passed  after  it — both  the  readily 
intelligible  results  of  the  euormous  loss  of  water  and  salts  ill 
sjeetions.     I  told  you,  farther,  that  the  urine  oooaaton- 
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ally  contains  albnmen  daring  the  paroxysm  and  previons  to 
the  occurrence  of  anuria,  owing*  to  the  fnil  of  blood-pressure 
and  retardation  of  the  flow,  and  that  aft«r  the  attnck  albu- 
men is  never  absent  from  the  urine ;  to  this  latterj  the 
typical  cholera-urine y  I  should  now  like  to  devote  a  few  words 
That  the  urine  which  is  passed  after  the  attack  is  very 
markedly  distinguished  from  the  normal  secretion^  naturally 
attracted  attention  during  the  first  cholera  epidemic^  and  then 
t<:»o  it  was  demonstrated  that  albumen  is  one  of  it^  constant 
conatitnente.  Later  on,  when  the  formed  constituents — 
blood-corpnseles,  epithelial  cells,  and  more  especially  casts — 
were  discovered,  there  was  no  hesitation  in  regarding  these  as 
the  signs  of  a  renal  inflammation  ;  and  thus  we  find  Frerichs, 
for  example,  looking  upon  cholera  as  one  of  the  causes  of 
mopbufi  Brightii,  or  citing  the  renal  affection  following  cholera 
as  one  form  of  Bright's  disease.  This  view  is  quite  conceiv- 
able prr  ttr,  nnd  this  form  of  nephritis  tnnec  then  be  explained  in 
the  same  manner  as  are  those  following  scarlet  fever  and  other 
infective  diseases.  Nor  would  it  make  against  this  interpre- 
tation that  no  interstitial  thickening  or  infiltration  is  found  in 
the  kitlneys  of  persons  dying  in  the  stage  of  reaction,  when 
the  urinary  change  is  at  its  height ;  for  these  are  also  ab- 
sent in  that  acnte  form  of  inflammation  which  wo  have 
termed  glomerulo-nephritis.  Yet  the  course  of  the  renal  affec- 
tion in  cholera  is  altogether  different  from  that  in  other 
acnte  diseases,  and  is  above  all  much  shorter  than  has  ever 
been  observed  in  actual  nephritis.  In  the  convalescent,  tbe 
dimiontion  of  the  urine  lasts  only  a  few  days,  and  often  as 
early  as  the  third  day  gives  place  to  a  steadily  increasing 
augmentntion,  which  may  ultimately  amount  to  an  actual, 
though  brief,  polyuria;  after  from  six  to  eight  days  this  also 
has  usually  passed  off,  aud  the  volume  of  the  urine  returned 
to  the  normal.  Much  earlier  than  this,  when  the  secretion 
begins  to  increase,  the  abnormal  constituents — casts,  epithe- 
lial cells  and  blood  corpuscles — disappear  from  the  uriue ;  tbe 
dissolved  albumen  is  somewhat  slower  in  disappearing,  but  the 
secretion,  once  it  has  become  abundant,  is  usually  free  from 
it.  On  the  other  hand,  should  the  stage  of  reaction  tikkoan 
unfavorable  turn,  in  particular  if  so-called  cholera' typlioid  de- 
velops, the  albnmen  per&istH  and  the  urine  continues  scanty  till 
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death  ;  though  in  the  last  days  of  life  casta  aro  nBaallj  absent 
from  the  sedimentj  which  consists  chiefly  of  urates^  and.  in 
additioDj  of  pus-corpuscles  and  epithelium  from  the  bladder, 
if,  as  BO  often  happens,  a  catarrh  of  the  bladder  has  beou  set 
up  by  frequent  cathctorisation.  But,  as  Bartelsvery  rightly 
states,  cholera  never  gives  rise  to  a  true  acute  or  chrooio 
nephritis.* 

But  we  can  afford  to  dispense  with  the  assumption  of  a  renal 
inflammation,  siQce  a  perfectly  adequate  cause  of  the  reual 
functional  disturbance  is  presented  by  the  severe  doTang&' 
meni  of  iks  clrculai'ton.  The  great  iospissation  of  the  blood 
leads  to  anuria  duriug  the  attack  ;  and  because  this  inspis- 
satiou  only  gradually  passes  off,  and  the  watery  contents  of 
the  blood  and  the  arterial  pressure  are  only  gradually  restored 
to  the  normal  standard,  the  diminution  of  the  urine  persists 
for  the  first  few  days  after  the  paroxysm.  Remember,  farther, 
how  very  sensitive  the  epithelium  of  the  glomeruli  is  to  every 
disturbance  of  the  regular  circulation  through  the  tufts;  for 
if  compression  of  the  renal  arteries  for  a  brief  period  snfBcM 
to  render  the  urine  albuminous,  can  it  excite  surprise  that 
the  same  effect  should  follow,  when,  for  a  great  number  of 
hours  together,  the  glomeruli  are  only  supplied  by  an  ex- 
tremely feeble  stream  of  profoundly  altered  blood  T  More- 
over, the  amount  of  albumen  exuretL*d  in  the  urine  during 
the  stage  of  reaction  is  always  small,  and  it  is  only  the 
trifling  quantity  of  urine  passed  during  the  flrst  few  days  that 
makes  an  impression  to  the  contrary :  immediately  on  the 
Tolume  of  the  urine  increasing,  it  contains — in  marked  con- 
trast to  true  nephritis — at  most  a  few  parts  of  albumen  per 
thousand.  Simultaneously  with  the  excretion  of  albumen, 
there  will  always,  of  course,  be  an  escape  of  colourless,  and 
a  few  red,  corpuscles  into  the  urine.  AU  this  ceases,  how- 
ever, when,  owiug  to  the  restoration  of  a  normal  circulation, 
the  glomerular  epithelium  loses  its  abnormal  permeability 
and  recovers. 

Tet  this,  yon  are  aware,  ia  not  the  only  effect  exerted 
by  the  choleraic  process  on  the  renal  function.  The  kidneys 
of  a  person  dying  a  few  days  subsequently  t-o  the  seizure  pre- 
sent a  more  or  less  striking  contrast  between  the  pale  gr«y  to 
*  Bart«lii,  1.  c,  p^  207* 
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yellowish-grey,  opaque  cortex  and  the  bluisL-red  medulla.  On 
microscopic  examltiation,  the  whole  of  the  epithelium  of  the 
cortex  18  found  to  be  markedly  granular,  and  in  uiany  places 
full  of  fat-di-ops,  while  numerous  casts  occupy  the  straight 
tubules.  Moreover  casts  are  never  absent  from  the  urine  of 
the  stage  of  reaction,  being  hyaline,  fatty,  and  granular,  of 
all  degrees  of  thickness,  and  often  af  surprising  length ; 
accompanying  these,  epithelial  cells  are  constantly  met  with, 
either  single  or  forming  larger  adherent  shreds,  and  derived 
from  all  parts  of  the  urinary  organs,  from  the  tubules  to  the 
bladder.  The  presence  of  these  formed  constituents  causes 
the  nrine  passed  at  the  commencement  of  the  stage  of  re- 
action to  be  cloudy,  hrowniah  red  in  colour,  and  mixed  with 
flakes  and  ahreth.  That  evacuated  later  becomes  clearer  and 
clearer,  because  the  coarse  epithelial  elements  and  afterwards 
the  casts  become  gradually  more  scanty,  till  they — even  in  un- 
favorable cases— completely  disappear.  All  this  is  evidence 
that  the  urinary  tubules  also  are  seriously  affected  by  the 
choleraic  seizure,  and  Litten'*  has  recently  succeeded  in 
experimentally  producing  conditions  simiiar  to  those  that 
prevail  in  cholera.  For  he  has  shown,  aa  I  recently  reported 
(rol.  iii,  1 166),  that  when  in  a  rabbit  the  kidney  is  deprived 
for  from  one  and  a  half  to  two  hours  of  its  arterial  supply,  a 
very  considerable  portion  of  the  epithelium  of  the  tubules 
succumbs  to  eoayulaiion^necro^iM,  which  is  distinguished  by  a 
great  tendency  to  subsequent  calcification.  Whether  coagu- 
lation-necrosis occurs  in  cholera-kidney  we  do  not  know, 
simply  because  at  the  time  of  the  last  great  epidemics — that 
of  1866,  for  example,  iu  which  my  own  knowledge  of  the 
disease  was  acquired — we  were  still  unacquainted  with  this 
important  form  of  necrosis  ;  the  determination  of  this  point 
must  therefore  be  reserved  for  the  future.  Calcification,  at 
any  rate,  nevtfr  occurs  in  the  cholera-kidney.  Yet  this  fact 
does  not  constitute  any  obstacle  to  onr  applying  Liiten's 
experiences  to  the  kidneys  in  cholera.  For  in  the  choleraic 
seizure  the  renal  circulation  is  never  so  completely  inter- 
rupted as  in  Litten's  experiments ;  however  inspissated  the 
blood,  its  flow  through  the  kidneys  may  indeed  be  extremely 
retarded,  but  it  cannot  ceaxe  altogether,  so  long  as  the  heart 
•  Litt«n,  *Zlft:hr.  f.  kUn.  Med..'  i,  Hft.  1. 
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eonUmies  to  beat.  Hence,  we  should  not  be  justified  in  cer- 
taiolj  asftuming  that  a  true  coagulation-necrosiB  of  the  ori- 
nary  tubules  occurs.  It  is  possible  that  individual  cells  die, 
that  only  portions  of  the  celUeubstance  of  others  perish, 
while  other  cells  may  perhaps  undergo  simple  fatty  degene- 
ration— in  short  there  is  an  abundance  of  possibilities;  and 
if  any  one  should  prefer  to  attribute  the  formation  of  the 
casts  to  the  epitheliam^  or  again  to  the  coagulation  of  the 
albumen  transuding  from  tho  glomeruli,  he  may  do  so  freely 
in  cholera ;  the  conditions  necessary  to  either  mode  are 
amply  afforded.  Taking  everything  into  account,  you  will 
now  admit  that  there  is  no  evidence  whatever  for  the  exist- 
ence of  a  chvlera-vephritia  :  inasmuch  as  all  the  other  pecn- 
liarities  of  the  urine* — the  urea-contents,  specific  gravity, 
salts,  &c. — nmy  easily  be  explained  by  a  reference  to  the  con- 
dition of  the  blood,  we  shall  not  hesitate  to  regard,  with 
Bartels,  the  choleraic  renal  affection  as  solely  the  direct 
result  of  the  severe  circulatory  disturbance  brought  about  by 
the  attack  of  cholera. 

While  the  conditions  on  which  the  alteration  of  the  urinary 
secretion  in  cholera  depends  are  sufficiently  apparent,  this 
is  not  the  case  in  another  disease,  where  the  state  of  the 
urine  compels  us  to  assume  an  alteration  of  constitution  in 
the  filtering  membranes.  The  change  in  the  nrinewith  which 
we  are  here  concerned  early  attracted  attention,  inasmuch  aa 
no  chemical  exRmination  was  necessary  to  determine  its  nature, 
apparent  as  it  is  at  a  glance, — I  refer  to  rhylurta.f  The 
chnracieristic  feature  of  this  affection  is  the  rescmblanc-e  of 
the  urine  to  milk,  or  rather  to  the  chyle  which  flows  during 
digestion  throngh  the  thoracic  duct.  This  latter  comparison  is 
the  more  apt,  since  the  urine  owes  its  opaque  appearance  to 
the  presence  in  it  of  immeasurably  mmuXe  fat -molcctileit,  iden- 
tical with  those  which  are  conteined  in  the  chyle ;  and  like  the 
chyle,  so  too  the  chylous  urine  cannot  be  rendered  clear  even  by 
passing  it  through  a  double  filter-paper.  To  make  the  resem- 
blance still  more  pronounced,  the  chylous  urine  always  con- 

•  A  very  Hccorste  ■romint  of  Die  cliotem-unnp  la  given  hy  Brabprger, 
*  Virch.  A..'  xxxviii,  p.  396.  Cf.  aluo  Bulil.  *Zeit8chr.  £.  rat  Med.,'  N.  y^ 
vi,  iP.f^S.  p.  1 ;  Wyw.  •  A.  (1.  Ht'ilkiiiule/  1868,  p.  332. 

t  Unwl, '  Vircb.  A.,'  Ixxxvi,  p.  399, 
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tftins  albamexiy  very  often  coagulable,  so  that  targe  clots  sepa- 
rate out  fpom  itj  whilo  in  certain  circumstances  the  entire  urine 
may  stiffen.  We  have  always  to  deal  simply  with  a  mixture 
of  fat  and  albumen  with  the  urine  ;  the  quantity  of  each  sub- 
stance varies  considerably  not  only  in  different  persons  but 
in  the  same  individual  ;  still  the  albumen  does  not  easily  ex- 
ceed 1  per  cent.,  while  the  fat  as  a  rule  falls  short  of  this 
even  in  the  most  pronounced  cases.  As  for  other,  morphotic, 
elements,  casts  are  never  present,  but  some  blood-corpus- 
cles are  usually  found,  and  may  occasionally  be  so  numerous 
as  to  give  the  chylous  urine  a  reddish  tinge  ;  it  is  also  quit© 
common  for  the  galacturia  to  be  preceded  by  a  period  of  Iibp- 
maturia.  In  all  other  respects  the  urine  of  these  patients  ia 
normal  ;  it  presents  no  peculiarities  as  regards  reaction, 
amount,  speci6c  gravity,  or  urea-contents  ;  the  absence  of 
Bugar  is  also  expresj*!y  stated  by  different  observers. 

Chyluria,  according  to  all  account*,  is  a  verj  common 
disease  in  the  tropifa.  In  the  great  majority  of  the  cases 
observed  in  Europe,  the  patients  have  been  persons  who  had 
lived  a  conniderable  time  in  tropical  countries,  such  as  Brazil, 
and  were  either  diseased  before  returning  home,  or  developed 
the  affection  afterwards.  Cases  of  galactnria  in  individuals 
who  have  never  been  out  of  Europe  are  extremely  rare.t 
Once  the  disease  is  cstablishedj  it  runs  its  course  with  marked 
remissions  and  intermissions,  and  is  in  general  very  intract- 
able. In  some  persons  the  nrine  has  a  more  or  less  milky 
appearance  for  many  years,  though,  on  the  other  hand,  com- 
plete recovery  has  also  been  observed.  It  may  as  well  be 
noticed  here  that  the  general  well-being  is  in  no  respect 
seriously  disturbed  by  the  chyluria. 

As  to  the  cause  of  this  striking  alteration  of  the  urine,  we 
are  so  far  unacquainted  with  any  anatomical  change  that 
would  throw  light  on  it.  In  the  few  reports  of  autopsies  of 
persons  who  had  suffered  from  chyluria,  we  are  usually  assured 
that  the  kidneys  were  perfectly  intact.      It  is  claimed  in  a 

•  Cf.  Ackenn*nn,  '  Dputsoh.  Klinilc/  1863.  No*.  23.  34  ;  *  D.  A.  f.  klin. 
Med./  i,  p.  ii8  ;  ITiiry-Mieg,  '  Oaz.  ni^d..*  l>t<»8.  No.  19  ;  Eggel,  *  D.  A.  f. 
klin.  Me<l.,'  vi.  p.  421.  alun  containK  refrrences  to  the  Ht*ratnre. 

t  Oehme,  '  D.  A.  f.  Iclin.  Med.,'  sir,  p.  262  ;  Brieger.  'Ztachr.  f.  pbyaiol. 
Chemie/  it,  p.  407  ;  '  Charit^.Annalen,'  rii,  Jahrg»ni;  iftSx. 
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few  instances  that  an  abnormal  communication  wats  present 
between  a  lymphatic  vessel  and  one  of  the  largo  arinarjr 
passages,  ase.y.  &  lymph-fistula  discharging  into  tbo  bladder; 
bat  if  80,  there  mast  have  been  present  in  addition  either  a 
very  unusual  arrangement  of  the  lymphatics,  or  a  permanent 
or  temporary  stagnation  of  chyle  in  the  thoracic  duct,  in  order 
that  the  chylous^  and  not  simply  lymphatic,  character  of  the 
urine  may  be  adequately  explained.  Still  this  might  perhaps 
occur,  and  may  be  the  explanation  of  the  isolated  oaaea 
of  European  galacturia.  To  assume  this,  however,  of  the 
BO  fre(4uent  hsemaburia  and  chyluria  of  the  tropica  would 
be  altogether  too  hazardous.  True^  on  considering  in  what 
other  way  the  urine  could  acquire  this  chylous  character,  it 
appears  that  several  circumstances  must  unite  to  produce  it. 
Since,  namely,  the  characteristic  constituents  of  the  chylous 
nrine^  t.  e.  the  intimate  mixture  of  albumen,  partly  coagolable, 
and  minute  molecules  of  fat,  cannot  well  enter  the  urine  un- 
less first  contained  in  the  blood,  we  postulate,  first,  that  the 
composition  of  the  blood  is  at  least  so  far  altered  that  its 
serum  contains  those  immeasurably  fine  fat-droplets,  which 
are  normally  found  in  the  chyle  but  not  in  the  blood.  With 
this  postulate  it  is  in  conformity  that  an  increase  in  the  fatty 
contents  of  the  urine  has  been  observed  in  several  cases 
duriug  the  period  of  digestion  ;  not  only  so,  but  in  the  case 
described  by  Eggel*  direct  proof  was  afforded  that  the  bloud 
was  actually  thus  altered  :  the  blood  obtained  from  this  pa* 
tient  by  cupping  contained  very  large  quantities  of  the  minnte 
fatty  molecules.  In  Brieger^s  cuse.t  on  the  contrary,  both 
the  microBcopJcal  and  chemical  examination  of  the  blood  for 
fat  gavi^  a  uegiitive  result ;  nor  did  an  increased  supply  of 
fat  with  the  food  augment  the  fatty  contents  of  the  urino, 
though  when  fat  was  withdrawn,  the  otherwise  chylous  urine, 
passed  on  wakiug,  became  clear  and  bright,  and  at  the  came 
time  poorer  in  albumen.  The  abnormal  constitution  of  the 
blood,  however,  would  not  alone  be  sufficient,  you  are  aware, 
to  render  the  urine  albuminous  and  chylous ;  in  persons 
whose  kidneys  were  perfectly  intact,  the  urine  would  slill 

•  Efe-gel.  *  r>.  A.  f.  kliD.  Med./  ri,  p.  4^1. 

t  Briegpi-.  *  Zterhr.  f.  j)hr»iol.  Chemio/  iv,  p.  407  ;  *  Clumt^-Annidca.'  rii, 
Jobrguig  1883. 
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retain  its  normal  characters.  As  to  the  cause  of  this  abnor- 
mal constitntion  of  the  blood  we  know  nothing  ;  and  I  refrain 
in  particular  from  deciding  how  much  confidence  should  be 
reposed  in  the  statements  of  Lewis,*  who  claims  that,  in  the 
blood  of  persons  sufferiug from  chyluria,  hehas  regalarlj  found 
entozoA,  which  are  called  by  him  f  I  aria  ftanguiniji  hominis. 
On  the  other  hand,  the  alteration  In  the  kidneys,  which,  so 
far  as  I  see,  must  neeessurily  be  presumed  to  exist,  can 
scarcely  be  anything  but  an  abnormal  permeability  of  the 
glomeruli  and  especially  of  their  epithelium.  I  do  not  fail 
to  see  that  we  here  enter  tbe  region  of  pure  hypothesis ;  nor 
can  anyone  who  aaka  himself,  for  example,  why  this  urine, 
rich  as  it  is  in  ooagulable  albumen,  never  contains  oasts, 
remain  insensible  to  the  imperfections  and  inadequacy  of  oar 
attempted  explanation. 


We  have  still  to  consider  some  conditions,  of  which  it  has 
long  been  known  that,  under  their  influence,  the  urine  ia 
altered  in  constitntion  and  in  particular  contains  albumen, 
without  onr  being  able  so  far  to  satisfactorily  account  for 
the  fact.  Many  of  these  cases  belong  to  the  category  of 
so-called  hmmatogenoua  albuminuria,  an  albuminuria,  that  is^ 
which  depends  upon  an  imperfection  in  the  composition  of 
the  blood.  The  supporters  of  this  category  have,  it  is  true, 
fallen  off  considerably  in  the  course  of  time,  and  with  good 
roa-Hon,  in  so  far  as  it  was  chiefly  thought  that  the  albu- 
minuus  bodies  of  the  blood  had  undergone  a  change  of  con- 
stitution ;  for  in  true  pathological  albuminuria  such  a  change 
can  hardly  ever  come  into  question.  Senator!  ban,  however, 
recently  drawn  attention  to  the  view  that  quantitative  changes 
in  the  composition  of  the  blood  maybe  of  importance  in  this 
respect.  Influenced  by  our  experience  as  to  the  filtration  o£ 
solattons  of  albumen  containing  salts,  he  considers  that  even 
an  unusual  richneBS  of  the  blood  in  salts  may  perhaps  give 
rise  to  an  escape  of  albumen  into  the  urine,  and  is  inclined 
to  ascribe  a  like  effect  to  an  abnormally  large  urea-con- 
tents of  the  blood.  The  first  factor,  the  richness  in  salts, 
may  explain  the  so-called  albuminuria  of  digcjition,  t.  e,  the 

*  LewiB,  'The  Lanoet,'  1S73.  i,  Nm.  2, 19.     Cf.sUo  note  on  p.  495, vol.  i. 
t  Sfiuktor, '  D.  Albttmtnnri«.'  Stfi,,  p.  $7»  ei  •a;. 
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appearance  of  albumen  in  the  urine  of  many  persons  some 
time  after  an  abundant  meal  ;  while  tbe  increased  urea-con* 
tents  of  tlie  blood  may  be  of  impoi'taoco  in  the  albiimiDurtii 
of  fever,  acute  phosphorus-poiermtng,  and  similar  proceesies, 
Aa  regards  fever,  Senator  also  points  out  that  the  inrream^of 
temperature  alone  may  perhaps  render  the  albumen  more 
easily  filtered,  and  may  tbas  constitnte  one  of  the  cansea  of 
the  commonly  occurring  albuminuria.  That  all  these  points 
inntj  have  mors  or  loss  importance  for  the  urinary  excretion, 
I  am  far  from  wishing  to  dispute;  on  the  contrary^  I  believe 
that  a  great  service  has  been  done  in  directing  attention  to 
tbem.  Still,  I  should  like  to  remind  you  that  possibly  the 
connection  between  these  alterations  in  the  physical  or 
chemical  constitution  of  the  blood  and  the  albuminuria  may 
be  much  less  direct  than  Senator  supposes.  Wo  formerly 
(vol.  iii,  p.  1153)  arrived  at  the  conviction  that  every  con- 
siderable disturbanceof  the  circulation  reuders  the  membranes 
taking  part  in  the  secretion  of  urine  permeable  to  albumen  ; 
may  not  the  same  result  be  produced  by  MiisideraLle  altera- 
lions  in  the  coiistitutxon  of  the  hlriod  ?  I  have  referred  to  this 
possibility  on  another  occasion  (vol.  iii,  p.  1125),  and  am  the 
more  unwilling  to  leave  it  out  of  account,  as  it  receives  un- 
mistakable support  from  some  new  experiments  of  Griit^ner*^ 


4 


In  the  foregoing  exposition,  the  ejnlhelium  of  ilie  urinary 
iuhulen  has  frequently  coma  up  for  discussion  ;  its  possible 
participation  iu  the  formation  of  easts  baa  repeatedly  been  con- 
sidered ;  and  we  have  ventilated  the  question  of  the  import' 
ance  of  alterations,  in  particular  of  loss,  of  the  epithelium 
as  regards  the  passage  of  albuminous  bodies  from  the  blood 
into  the  urine.  But  in  all  the  cases  previously  discnaaed, 
there  were  present  at  the  same  time  serious  alterations  in  tbo 
vessels,  mainly  of  inflammatory  or  amyloid  nature,  and  it  was 
the  existence  of  this  combination  that  rendered  the  eetima* 
tion  of  the  importance  of  the  epithelial  change  so  very  diffi- 
cult. Accordingly,  if  our  object  be  to  learn  what  influence 
pathological  conditions  of  theepithelium  of  the  urinary  tubules 
ciEcrt  ou  the  secrotiun  of  urine,  our  attention  must  uatunUly 
bo  cuufiued  to  kidneys,  in  which  changes  othvr  ilxau  thuee  ol 
*  QruUnsr,  *  PflUg.  A,/  xxiv,  p.  441. 
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the  epithelium  are  as  far  as  possible  absent.  Tet  the  pro- 
spect of  thus  arriving  at  a  conclusion  is  rather  dubious.  If 
we  disregard  aecrosisand  lossof  oplthelianij  only  two  morbid 
conditions  which  often  affect  the  epitheliam  of  the  convolated 
tubes  are  recognised  by  pathological  anatomy^  namely^  cloudy 
9wellin<j  and  fatty  change.  Now  the  kidney,  when  in  a  con- 
dition of  cloudy  swelling,  is  asaally  free  from  inflummatory  or 
other  change  ;  still  the  possessors  of  such  kidneys  invariably 
suffer,  as  you  will  remember  from  a  former  discussion  (vol.  ii, 
p.685]i,  from  a  pyrexial  or  at  any  rate  severe  constitutional  dis- 
ease, which  j3er#c  cannot  fail  to  react  on  the  urinary  secretion. 
If  a  rather  scanty,  mostly  reddish-yellow  nrine,  containing  a 
small  quantity  of  albumen,  is  secreted  by  kidneys  which  have 
undergone  parenchymatous  degonoration,  you  know  that  the 
uriuo  acquires  precitioly  these  characters  in  fever  and  when 
the  arterial  blood-pressure  is  low ;  so  that  it  is  consequently 
impossible  to  say  whether  cloudy  swelling  as  such  has  any- 
thing to  do  with  this  condition  of  the  urine.  Nor  is  the  pro- 
spect much  better  as  regurds  the  fatty  change.  lu  many  aoi* 
inals,  0.  g.  dogs  and  cats,  the  epithelium  of  the  straight  tubules 
of  the  cortex  is  almost  at  all  times  full  of  fut-drops,  whose 
origin  is  unknown ;  in  man,  on  the  contrary,  such  a,  if  yoa 
will,  physiological  fatty  change  never  occurs;  and  when  it  arises 
pathologically,  the  btraight  tubules  are  iuvoUed  only  in  very 
extreme  cases,  the  tubuli  contorti  being  the  typical  seat  of  the 
affeciion.  We  are  well  acquainted  up  to  a  certain  point  with 
the  mode  of  origin  of  fatty  changes  in  man  (cf.  vol,  ii,  p.  662, 
et  aeq,)f  for  we  found  that  the  real  determining  factor  is  the 
deficient  supply  of  oxygen  to  the  cells  involved,  whether  this 
depends  on  general  causes,  or  is  the  result  of  an  interference 
with  the  arterial  blood-stream  to  the  affected  organ.  Now  the 
bare  mention  of  these  causes  is  enough  at  once  to  show  yoa 
that  the  fatty  change  of  the  renal  epithelium  must  always  be 
complicated  by  some  general  affection  or  by  a  disturbance  of 
the  circulation  in  the  kidneys  themselves.  This  applies  equally 
to  the  fatty  kidneys  of  the  aged  and  the  phthisical,  the  ausemio 
and  the  icteric,  as  well  as  to  the  fatty  changes  depending  on 
iudammation,  amyloid  disease,  sclerosis  of  the  renal  arteries 
and  venous  hypereemia,  to  the  phosphorus-  as  well  as  to  the 
cholera-kiduey.      In  fact,  there  exists,  in  all  these  cases,  suffi- 
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cient  reason  for  an  altered  constitution  of  tlie  arine  to  render 
it  unjustifiable  that  we  should  make  the  fatty  changB  of  the 
epithelium  responsible  for  it.  Not  only  so,  bat  the  not  ezactlj 
infrequent  observations,  according  to  which,  for  a  time  at 
least,  the  urine  is  perfectly  free  from  albumen  in  acute  phos- 
phorus-poisoning, pernicious  anaemia,  and  the  fatty  kidney  of 
old  age,  render  the  dependence  of  the  albuminnria  on  the  fatty 
change  of  the  epithelium  rather  improbable.  Analogous  con- 
siderations forbid  ns  to  conclude  from  experiences  at  the  sick- 
bed as  to  the  influence  of  the  fatty  change  on  the  excretion 
of  urea.* 

*  Literature.  The  fundamental  researches  of  B.  Bright  are  to  be  fonnd 
in  hia  '  Beport  on  Medical  Cases,'  London,  1837  ; '  Quy's  Hospital  BeportSp' 
1836,  1840.  Cf.  further:  Reinhardt, ' Charit^Annalen/  i,  1850 ;  Frerich% 
*D.  Bright'sche  Nierenkrankheit/  Braunschweig,  185 1  ;  Johnson,  '  D. 
Krankheiteu  d.  Nieren,'  trans,  by  Schtitze/  Quedlinbarg,  1854 ;  T.  Grainger 
Stewart,  *  A  Fract.  Treatise  on  Bright's  Diseases  of  the  Kidneys,*  3  edit^ 
Edinburgh,  1871.  Cf.  also  the  well-known  text-books  on  renal  diBeaseB,and 
works  by  Bosenstein,  *  D.  Pathologie  n.  Tberapie  d.  Nierenkrankheiten/ 
3  Auf.,  Berlin,  1870 ;  by  Bartels,  in  Ziemssen's  '  Handb./  ix,  i,  Leipng, 
1875  ;  in  the  3rd  ed.,  revised  by  £.  Wagner, '  D.  Morbus  Brightii/  Letpstg, 
1883.  An  extremely  rich  source  of  information  is  Tranbe's  'Oeaammelta 
Abhandlnngen.' 
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Eaaperimental  evidence  as  to  the  importance  of  the  corinter-pres' 
9wre  in  the  secretion  of  urine. — Morbid  imjiedimente  in  the 
urinary  iuhuleSf  the  pelvis  of  the  kidney  and  the  ureters. — 
Malformations  of  the  ureters. — Spagtir  Htentjins  of  the  lire- 
ters, — Impediments  in  tho  bladder. — Cmtsequefwen  of  liga^ 
ture  of  the  ureters, — Hydronephrosis. — Causes  of  extretne 
hydronephrosis, — Hydronephrotic  atrophy. 

The  exmcuation  of  the  urine  in  prcfience  of  obstacles  in 
the  urinary  passages. — Unilateral  and  bilateral  hydro- 
nephrosis. 


In  all  the  foregoing  discuBsiotiB,  it  was  implioitlj  assamed 
that  the  escape  of  the  urine  secreted  was  p(?rfectly  free,  and 
that  oonseqaently  the  secretion-pressure  was  nowhere  opposed 
by  counter-pressure.  Tet  pathology  reveals  a  great  number 
of  conditions,  in  which  the  efflux  of  urine  from  the  kidney 
is  more  or  less  impeded,  the  ob&tacle  opposing  it  being  some- 
times absolutely  insurmountable.  With  these  conditions  we 
have  now  to  deal,  since  the  presence  of  such  impediments 
essentially  affects  the  process  of  secretion.  That  this  ia 
actually  the  case,  we  learn  from  the  researches  carried  out  in 
Ludwig's  laboratory.  M.  Herrmann*  has  found  that,  when 
Buch  a  resistance  is  present,  thf  quantity  of  urine  secreted  in 
the  unit  of  time  is  reducedy  and  that  there  takes  place  a  like 
diminution  J  hnt  still  more  pronoonced,  in  the  ajnount  of  solid 
urinary  constituents,  in  particular  of  urea.  In  proportion  as 
the  resistance  increases,  the  reduction  in  volume  of  the  urine 
and  in  the  contained  urea  becomes  steadily  greater,  till  a 

•  M.  Hcmnjuin, '  Wien.  nkad.  Sitzgab..'  M»tb.-n»lurw.  CI.  ( 1859),  xuvi, 
p.  348(1861)  :iW,  p.  317- 
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period  arrives  when  no  urine  whatever  leaves  the  kidney. 
In  tlie  dog,  tilts  limit  is  much  below  the  height  of  the  ar- 
terial pressure,  being  50 — 60  mm.  mercurj.  So  soon,  how- 
ever, as  the  resistance  is  done  away  with,  there  takes  place 
a  very  abnudunt  secretion  of  urine,  which  is  poor  in  nreaaud 
constiquencly  pule  aud  of  low  speciQc  gravity.  These  experi* 
mental  results  were,  you  are  aware^  regarded  by  Lodwig  as 
showing  that  the  difference  of  pressure  between  the  coutentA 
of  the  glomeruli  and  urinary  tubules  is  the  actual  cause  of 
the  secretion^  so  that  a  rise  of  tension  in  the  tabulea  must 
prejudice  the  secretion  of  urine,  just  as  does  a  lowering  of  ar- 
terial blood-preasuro.  This  is  not,  it  is  true,  a  necessary  in- 
ference from  the  experiments.  Anyone  who  holds  that  the 
velocity  of  the  blood-stream  exerts  an  important  influence  on 
the  amount  of  urine  secreted,  may  point  to  the  marked  re- 
tardation of  the  flow  through  the  kidneys  as  exphinatory  of 
the  reduced  secretion  when  the  escape  of  the  urine  is  impeded. 
Slowing  of  the  blood-stream  has  been  shown  by  M.  Herr- 
mann to  occur  during  occlusion  of  the  ureter,  owing,  it  is 
easy  to  understand,  to  the  pressure  exerted  by  the  distended 
tubules  with  their  stagnant  secretion  upon  the  suri-ounci* 
log  capillary  mesh-work.  But  the  facts  above  referred 
to,  chiefly  fail  of  being  incontrrivertible  evidence  of  the 
pressure-hypothesis,  in  that  they  take  no  account  of  the  alhm 
sorption  of  the  urine  aecreted,  Heideuhain*  very  fairly  re- 
minds us  of  the  absorption  of  bile,  which,  you  are  aware, 
never  fails  to  take  place  when  its  escape  is  prevented  :  why  an 
analogous  absorption  of  the  urine  should  not  occur,  appears 
the  more  incomprehensible,  sis,  according  to  Lndwig'a  hypo* 
thesis,  the  urine  in  the  interior  of  the  tubules  even  normally 
becomes  concentrated  by  absorption.  If  this  be  accepted,  it 
immediately  follows  that  the  pressure  indicated  by  a  mano- 
meter, introduced  into  the  ureter,  will  gradually  become  lead 
aud  less  till  it  finally  disappears,  obviously  not  because  the 
secretion  decre^ises  and  is  at  last  arrested,  but  simply  as  aa 
expression  of  the  fact  that  absorption  becomes  steadily  aug- 
mented till  it  accurately  counter- balances  the  amount  of  secre- 
tion.    True,  not  a  drop  more  urine  then  enters  the  ureter 

■  U«idenhiu]i.  *Bm).  iknstl.  ZcitBchr./  1B79.  Na  xJ;  ia  Ucrmun's 
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MORBID  IMPEDIMENTS  IN  THE  tmiNARY  PASSAGES.    1225 


but  only  because  tbat  poured  oat  into  tbe  commencements 
of  the  tnbulea  is  completely  absorbed  dnring  its  passage 
through  them.  That  Huch  absorption  actually  takes  place 
is  most  strikingly  proved  by  tho  fact  that,  under  these  circum- 
staucesj  the  kidneys  become  extremely  irdematous.  Not  only 
are  the  tubules  in  the  kidneys  with  ligatured  ureters  tensely 
filled  with  secretion  as  far  up  as  the  tubuli  contorti^  but  all 
the  lymphatics  of  tho  organ,  and  even  tho  capsule,  as  well  as 
the  loose  fat  and  cellular  tissue  surrounding  the  capsule,  are 
copioasly  infiltrated  with  fluid.*  To  regard  this  cedema  as 
being  merely  due  to  mechanical  hyperaemia,  does  not  appear 
to  me  justifiable ;  for  though  the  venous  efflux  from  such  kid- 
neys is,  it  is  true,  impeded,  the  impediment  cannot,  in  view 
of  tho  marked  pallor  of  the  organ,  be  so  considerable  as  would 
be  required  to  explain  such  pronounced  a^dema,  from  which, 
moreover,  red  blood-corpuscles  are  almost  completely  absent. 
Hence,  it  appears  to  me  much  more  plausible  to  look  upon 
the  cfidema  of  the  kidneys  as  due  to  the  absorption  of  the 
stagnant  urine ;  and  at  any  rate  it  completely  accords  with 
this  hypothesis  that  the  uidetna  disappears  on  tho  removal 
of  the  counter-pressure,  while  the  excretion  of  urine  becomes 
for  a  time  almost  profuse.  All  the  stagnant  and  absorbed 
urine  is  first  evacuated;  but  in  addition,  owing  to  the  dis- 
encumbrance  of  the  organ,  an  arUrialjiuxion  to  the  glomeruli 
can  hardly  fail  to  set  in  at  least  temporarily,  with  the  result, 
of  course,  that  an  abundance  of  watery  urine  will  be  excreted. 
Now  whatever  may  be  tho  situation  of  the  impediment  in 
the  urinary  paitsagejit  the  abnormal  tension  will  always  lie 
transmitted  to  the  commencements  of  the  urinary  tubules, 
t.  0,  to  Bowman's  capsules  ;  but  how  great  a  portion  of  the 
secreting  apparatus  will  be  affected  must  depend  on  the  spot 
at  which  the  resistance  is  interpolated.  An  obstacle  which 
occupies  a  convoluted  tube  or  a  Henle's  loop  simply  acts  back- 
wards in  this  individual  tube,  while  if  a  collecting  tube  be 
obstructed,  all  the  branches  entering  it  are  involved.  If  one 
of  tho  calicos  bo  narrowed  or  occluded,  all  the  tubules  of 
the  corresponding  section  of  the  kidney  will  be  implicated ; 
and  an  obstacle  seated  in  any  part  of  the  ureter  will  exert 
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its  inBuence  upon  the  entire  organ.  That  both  kidneys  msj 
bo  involved^  both  ureters  must  be  encroached  upon,  or  an 
obstacle  must  bo  present  in  the  bladder  or  still  fui-thcr  for* 
wards  in  the  direction  of  the  urinary  stream.  As  regards 
the  tubules,  in  the  first  place,  we  have  already  consideired 
one  vanety  of  impediment,  which  fortunately  affects  only  those 
of  the  cortex,  t.  e.  their  narrowing  or  complete  conHtrioltoo 
by  conirncting  hands  of  connective  tissue;  on  the  same  occa- 
sion I  also  referred  to  the  resulting  cy*^,  which  are  so  regu- 
larly found  in  granular  kidneys.  Tubules  altered  in  this  way 
are,  of  courfie,  useless  so  far  as  the  renal  function  is  concerned, 
yet  for  this  very  reason  their  exiat-ence  is  not  betrayed  by 
any  change  in  the  urine.  This  cannot  happen  unless  large 
numbers^  more  especially  of  collecting  tubules  be  occluded. 
Now  it  is  extremely  common  to  find  at  the  post-mortem  the 
open  tubules,  in  particular,  blocked  for  a  longer  or  shorter 
distance  by  a  great  variety  of  casts,  hyaline  and  granular, 
fatty  and  waxy,  haamoglobin-  and  blood-casts ;  and  not  a 
few  pathologists  attribute  most  severe  disturbance  of  tha 
renal  function  to  their  presence.  Nevertheless^  I  cannot,  •« 
I  have  often  told  you,  subscribe  to  this  view  ;  for,  in  my 
opinion,  all  these  casts  only  remain  seated  in  such  quantity 
iu  the  tubules  when  the  secretion  of  urine  is  scanty  ;  an  abun- 
dant secretion  readily  washes  them  out  of  the  orgnu.  In  order 
that  plugging  of  the  urinary  tubules  may  give  rise  to  a  aerioua 
impediment  to  the  urinary  secretion,  the  masses  must  of  necoa- 
sity  be  solid  and  unyielding,  such,  e.  g.  as  the  coLcatwu*  eoner^^ 
tiOTU}  which  in  Litten's  kidneys  (cf.  vol.  iii,  p.  1 166)  originated 
in  the  dead  epithelium.  With  these,  it  is  true,  the  patho- 
logical con€reli<fTm  observed  in  human  kidneys,  whether  con- 
sisting of  bile-pigment,  urates,  lime,  or  other  substance, 
cannot  compare  in  point  of  size.  When  they  become  reay 
balky  in  a  short  time,  as  do  the  btUmhin-infnrcin  in  severa 
ictems  of  the  new-born,  the  nrie  acid  infarcts,  also  of  the  ncfw* 
born,  and  sometimes  too  of  the  gouty,  the  deposit-*  of  crynUil' 
Une  oxalate  of  livie  occasionally  seen  in  poiaouiiig  with  oxalio 
aoidj^  they  may  constitute  temporary  impediment*  to 
escape  of  the  urine  secreted,  especially  if  they  are  associated 

•  A.  Friinkol,  'ZUch.  t  kltn.  Med./  u.  p.  664.    Cf.  also  Kobett  a. 
KuiBocr,  *  Vlrcb.  A^'  Ixxriii,  p.  209. 
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with  a  lowering  of  the  blood-pressure.  So  soon,  howoTer, 
as  the  seoretion  becomes  abundant,  they,  also,  yield  before 
the  pressure  of  the  stream  of  urine,  and  are  washed  out  of 
the  nrinary  passages.  It  need  hardly  be  added  that  cloudy 
swelling  and  fatty  degeneration  of  the  tabular  epitheliutn  can 
never  cause  even  the  slightest  resistance  to  the  passage  of  the 
urine. 

In  the  pelvis  of  the  kidney,  the  escape  of  the  urine  may, 
in  the  first  place,  be  impeded  by  stones.  The  chemical  com- 
position of  the  calculi — whoso  mode  of  origin  will  presently 
be  discussed  at  length — is  naturally  much  less  important  in 
this  respect  than  are  their  form  and  situation.  They  some- 
times reach  a  really  astonishing  size,  and  may  yet  prove  no 
eBflontial  hindrance  to  the  discharge  of  urine,  except  tempo- 
rarily when  they  come  to  lie  in  front  of  the  orifice  of  the 
ureter.  More  importance  attaches  to  the  stones — to  be  found 
in  every  moderately  large  collection — which  form  an  actual 
anatomical  cast  of  the  pelvis  and  some  of  the  cnlices,  iu  which 
they  were  firmly  wedged.  Still,  should  the  secretion-presBure 
be  high,  urine  will,  as  a  rule,  trickle  through  between  them 
and  the  wall  of  the  polvie  and  calices.  Hence,  decidedly  the 
most  important  stones  are  those,  often  of  no  great  sixo,  which 
have  become  wedged  in  the  funnel  formed  by  the  passage  of 
the  pelvis  into  the  ureter,  or  in  the  commencement  of  tho 
ureter  itself.  The  occlusion  may  also  be  caosed  by  a  stone 
driven  on  into  any  part  of  the  ureter,  down  to  the  point  whero 
this  enters  the  bladder.  Moreover,  if  the  stone  itself  do  not 
constitute  an  obstacle  to  the  flow,  it  may  cause  obstruction  in 
another  way,  namely,  by  the  ulcerative  processes  set  up,  and 
the  consecutive  cicatHrial  sientunm  of  the  pelvis  and  ureter. 
Obviously,  similar  strictures  may  result  from  ulceration  de- 
pending on  other  causes,  more  especially  diphtheritic  inflam- 
mation. It  may  happen,  furthermore,  that  other  aubataucos, 
also  derived  from  the  kidney  or  pelvis,  will  become  impnctod 
in  the  ureter  and  render  it  quite  imjmssable,  e.  y.  large-sized 
hlood'Clots  and  parts  of  tho  eyH'Wall  of  er.hinorocru/i,  the  latter, 
it  is  true,  only  in  very  raro  cases.  Abnormal  resistances  de- 
pending on  the  presence  of  tumours  are  much  mom  frequt^nt, 
however.  It  is  principally  the  ureter  that  is  liable  to  be 
narrowed  or  rendered  impassable  by  tumours,  which  either 
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press  it  flatj  occlude  it  by  growing  roand  it^  or,  if  maligDfuit» 
directly  block  its  Innien  by  growing  into  it.  Tutnoars  of  all 
kindH,  uxtra-peritODealinyomas  of  the  liganieDtatn  latum,  on- 
chondromas  and  osteomas  of  the  pelvis,  sarcomas  of  the  retro* 
peritoneal  and  pelvic  lymphatic  glands  have  sometimes  becm 
observed  to  be  connected  in  thisway  with  the  ureters, but  nooa 
of  these  proves  so  often  prejudicial  to  the  evacuation  of  the 
urine  as  carcinoma  of  the  pelvic  region,  and  above  all  cancer  of 
the  uterus.  True,  it  is  principally  the  pelvic  lymphatk  glands 
that  here  too,  when  infiltrated  by  the  oancer^  narrow  or  oo- 
olade  the  ureter. 

We  have  not  yet,  however,  exhausted  the  factors  which  tuay 
make  it  difhcult  for  the  urine  to  reach  the  bladder.     In  th« 
female  pelvis,  inilamniatory  proce8i»es  ending  in  contraction, 
parametrituf  a.ud  pcrittmitift,  may  snmotimi^s  involve  the  orotcr 
and  cause  itM  constriction.      In  larjt^o  prulupHo^a  of  the  vagina 
where  the  bladder  is  also  engaged,  the  entrance  of  the  urino 
into  the  latter  is  often  seriously  impeded.      You  remember, 
further,  a  case  to  which  I  recently  referred  (vol.  iii,  p.  1194) 
— that  of  a  rachitic  boy  iu  whom  the  enormously  dilated  ^<^c- 
tum  compressed  the  ureters  aa  they  entered  the  greatly  con- 
tracted pelvis.     Lastly,  some  interesting  maljormatiofu/  play 
an  important  part  in  this  domain.      I  refer  to  the  much  dis* 
cussed,  but  extremely  rare,  presence  of  valvrn  in  the  ureter^ 
as  well  aa  to  the  abnormal  insertion  of  ike  ureter  into  the  peivis] 
of  the  kidney.      Instead  of  starting,  as  it  usually  does,  from 
the  deepest  portion  of  the  pelvis,  it  originates  further  up,  so 
that  iu  the  erect  position  the  urine  cannot  escape  till  the  pelvis 
of  the  kidney  has  been  filled  to  the  level  of  the  origin  of  thp| 
ureter.     That  we  have  not  Iu  these  cases  to  deal,  as  has  been' 
Bopposed,  with  originally  double  ureters,  one  of  which  had  sttb-l 
sequently  become  obliterated  and  disappeared,  is  proved  by  the 
fiict  that  where  two  ureters  exist,  two  pelves  are  also  present, 
which  only  very  exceptionally  coalesce  the  one  with  the  other. 
We  do  not  know  why  the  insertion  of  the  ureter  into   tbo 
pelvis  of  the  kidney  is  occasionally  abnormal,  and  it  is,  aa  * 
rule,  impossible  to  discover  anything  of  a  certain  oharaoter 
from  the  anatomical  preparation,  because  the  eocaaiB  of  fchi 
privis  which  inevitably  setji  in  under  theMecircumstAnci>8,  nndj 
aometimes  assumes  enormoua  proportionS|   has  completHjrj 
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altered  the  orig-inal  relations.  We  sometimes^  moreover,  meet 
with  Hiidden  benda  in  the  course  of  the  ureter,  which  mtistbe 
looked  Qpon  as  congenital  if  no  tibrous  ndhesious  or  bauds  of 
connective  tisaae  be  prenent  in  the  immediate  vicinity;  in  some 
caseR  observed  by  us,  an  abnormal  artery  crosaod  the  bend 
transversely,  the  ureter  curving"  round  it.  To  the  same  cate- 
gory belong  certain  malformations  of  the  lower  end  of  the 
ureter.  Passing  over  congenital  atresia,  it  may  occasionally 
happen  that  the  ureter  misses  the  urinary  bladder  and  opens 
in  a  false  position,  6,g,  into  the  arethra,  and  in  woman  into 
the  vagina  also.  Of  these,  the  most  interesting  from  our  point 
of  view  is  the  opening  of  the  ureter  into  the  collioulus  semi- 
nalis,  because  in  this  case  the  termination  of  the  ureter  mast 
pass  through  the  muscular  prostate,  which  will  involve  a  con- 
siderable obstacle  to  the  regular  evacuation  of  the  nrine. 
These  malformations  appear  specially  remarkable  when  con- 
joined with  douhlt;  ureters;  for  it.  has  then  been  occnsioTially 
observed  that  one  of  these  double  ureters  passed  through  the 
prostate,  while  the  other  entered  the  bladder  in  its  normal 
position;*  and  though  complete  doubling  of  the  ureter  does  not 
give  rifte  to  the  least  disturbsnce  of  function  if  tht*  tubes  enter 
the  bladder  in  normal  fashion,  here  the  effects  of  stagnation 
of  the  urine  do  not  fail  to  set  in  in  the  section  of  the  kidney 
whose  pyramids  pour  their  urine  into  the  malfornied  ureter. 
For  the  rest,  every  such  abnormality  in  the  ureter  may  impede 
the  evacuation  of  the  urine,  quite  independently  of  the  action 
of  the  prostatic  musculature,  when  its  orifice  is  narrower  than 
the  normal  opening  into  the  bladder. 

Wliether,  in  addition  to  all  these  "  organic  "  stenoses  of 
the  ureter,  other  so-called  "  spastic  "  stenoses  occur,  i.  e.  such 
as  are  conditioned  by  a  tonic  contraction  of  the  musculature 
of  the  ureter,  does  not  appear  to  me  to  be  as  yet  certainly 
established.  I  refer  of  coarse  to  lasting  stenoses,  for  I  can 
readily  believe  that  transitory  spastic  contractions  may  be  set 
np,  owing,  for  example,  to  the  irritation  of  pointed  and  jagged 
calculi.  The  question  has  been  raised  in  consequence  of  cer- 
tain caseSit  more  than  once  observed,  where,  owing  to  uni- 
lateral obstruction  of  the  kidney  or  ureter,  a  very  striking 

•  Cf.  Weig^rt, '  Virtth.  A  ,*  In,  p.  400. 
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diminntion  of  the  Qrioary  secretion,  in  all  other  r^spe^ 
normal,  or  even  complete  anuria^  bae  set  in  and  persisted  f( 
some  days,  fiartels'*'  has  also  reported  a  case  of  complete 
anuria  of  more  than  five  days'  duration,  that  of  a  robust  m&u 
who  had  previously  suffered  from  repeated  attacks  of  rennl 
colic,  and  who  about  six  weeks  after  the  anuria  discharged  a 
single  etone  the  size  of  a  bean.  It  is  highly  improbable  that 
calcali  should  in  this  individual  have  become  Bimnltauenasly 
impacted  in  both  ureters,  and  that  one  of  them  should  have 
Bubsoqaently  escaped  detection,  though,  on  the  other  hand,  it 
is  not  certain  that  he  possessed  two  secreting  kidneys.  Bat 
if  in  all  these  cases  the  anatomical  relations  were  perfectly 
normal,  there  is  much  that  is  plausible  in  the  view  of  Bartels, 
who  bclievos  that  a  reflex  inhibition  of  the  urinary  secretion 
— started  perhaps  by  an  impulse  origiuating  in  the  one 
nreter — had  occurred.  If  so,  it  would  still  have  to  bo  con- 
sidered whether  the  suppression  was  duo  to  a  contraction  of 
the  ureters  or  of  the  small  renal  arteries,  either  of  which, 
though  possible,  would  be  remarkable  enough  in  view  of  tha 
persistency  of  tho  spasm. 

The  passage  of  the  urine  from  the  ureter  into  the  bladder 
may  also  be  impeded  by  pathological  processes  occurring  in 
the  latter.  We  have  here  to  consider,  in  the  first  place, 
tumours,  benign  and  malignant,  it  being  immaterial  whetlier 
they  originate  in  the  wall  of  the  bladder  or  involve  the  organ 
secondarily  by  extension  from  the  uteras  or  vagina.  The 
effect  of  such  tumours  on  the  evacuation  of  the  urine  will  be 
detetmined  essentially  by  their  situation.  Very  large  tumoara 
of  the  vertex  of  the  bladder  need  not  in  the  least  interfere 
with  the  filling  of  its  cavity  from  the  ureters,  while  smftH 
growths  even,  that  have  established  themselves  on  the  trigone, 
may  cause  extreme  narrowing  or  complete  occlusion  of  one 
or,  under  certain  circumstances,  of  both  ureters.  Moreover, 
that  both  orifices  may  at  the  same  time  be  occluded  by  a  large 
vtmcal  ealculua  has  been  shown  by  an  example  recently  cited  ; 
it  is  probable  that  small  stones  do  not  obstruct  the  fiow  from 
a  ureter  except  when  its  orifice  opens  int4)  a  diverticulum  which 

•  Bttrt«>U.  in  Ziemaaen'?  •  Hantlb..*  ix,  I,  p.  44  ;  Inpw.  PJinU^n.  *  B«fn«rk- 
nngcn  und  VfiniQch^  Knr  Lehro  von  d«r  Ni^rt^nthiitigkoit.*  Inftug-DiMeit , 
Eiol,  1871. 
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is  ocoDpied  by  the  stoue.  Ob  the  other  hand,  nothing  is  com- 
TDoner  than  that  calcali  of  every  size  should  come  to  lie  in 
front  of  the  internal  orifice  of  the  ureter,  and  so  render  the 
emptying  of  the  bladder  impossible  for  a  time.  Amongst 
other  abnormal  resistances  which  obstruct  the  passage  of  the 
arine  in  front  of  the  bladder,  I  may  mention  aa  the  most  fre- 
quent and  consequently  important  kinds,  pathological  enlarge^ 
tnenU  of  the  proHiate,  in  particular  so-called  prostatic  hyper- 
trophy, and  utricturea  of  the  urethra. 

To  these  last-mentioned  factors  we  shall  shortly  have  to 
refer  at  greater  length  ;  they  have  been  mentioned  here  chiefly 
for  the  sake  of  completeness.  For  it  would  be  an  error  to 
suppose  that  every  process  impeding  the  evacuation  of  the 
urine  at  once  makes  its  influence  felt  as  far  back  as  the  kid- 
neys. This  is  prevented  by  the  interpolation  between  the  ob- 
stacle and  the  kidneys  of  a  capacious  and  at  any  rate  ex* 
tremely  diRtenaible  reservoir^  the  urinary  bladder.  The  kid- 
neys and  their  function  will  be  affected  by  resistances  situate 
in  front  of  the  bladder  only  mhen  the  organ  is  unable  to  over^ 
come  ih<}He  rmtttances ;  then,  however,  they  will  certainly  bo 
influenced,  because  the  condition  in  in  all  OHHi'UtialH  ideuticnl 
with  a  direct  impedimout  in  thai  ureters. 

In  now  seeking  to  understand  the  fffects  which  an  obstacle 
opposing  the  escape  of  urine  exerts  on  the  renal  function,  it 
will  be  our  simplest  plan  to  first  fix  onr  attention  on  the  con- 
sequences of  tfudden  aiid  complete  occluftion  offme  of  the  nretern. 
We  have  not  iufruquently  au  opportunity  of  observing  such 
occlusion  in  man  as  the  result  of  the  impaction  of  a  renal 
calculus  in  some  portion  of  the  ureter,  and  with  its  effects 
wo  are  thoroughly  acquainted,  since  nothing  is  easier  than 
its  production  by  ligaturing  one  of  the  uretera  in  a  rabbit  or 
dog;  the  connection  of  a  mercurial  manometer  endways  with 
tbo  ureter  also  involves  complete  occlusion  after  a  short  time. 
Now,  you  already  know  what  happens.  At  first  the  urine 
flows  as  usual  from  thopapillaj  into  the  pt'lvis  of  the  kidney  ; 
the  flow  then  begins  gradually  to  diminish  as  the  pelvis  and 
pervious  part  of  the  ureter  become  filled  ;  and,  finally,  it 
ceases  completely  when  the  tension  in  the  pelvis  has  reivched 
a  certain  level,  which  varies  for  different  species  and  for 
diiJerent  individuals  of  the  same  species,  as  well  as  in  corre- 
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spondence  to  the  energy  of  the  secretion^  bat  in  the  dog 
averages  about  50  to  60  mm.  mercury.  The  pelvis  of  the 
kidney  and  the  section  of  the  ureter  above  the  ligature  are 
now  strongly  distended  and  filled  to  their  utmost  capacity 
with  urine.  The  time  elapsing  before  this  occurs  naturally 
varies  extremely,  according  to  the  roominess  of  the  parts 
concerned  and  the  activity  of  the  secretion  at  the  moment  of 
closure  ;  still  we  need  never  wait  long  before  the  further  flow 
ceases  completely.  The  setting  in  of  absorption  of  the  arine 
now  very  soon  begins  to  be  recognisable  from  the  evident 
cedema  ;  owing  to  this  the  volume  of  the  kidney  is  consider- 
ably augmented,  and  even  the  perinephritic  fat  becomes 
thoroughly  moistened,  while  the  lymphatics  of  the  hilas  are 
seen  to  be  distended  and  filled  with  a  clear  fluid.  Yet  this 
is  not  all.  If  the  urinary  organs  of  the  animal  be  examined 
six  or  eiglit  hours  after  the  ligature  of  the  ureter,  or  still 
better  on  the  following  day,  more  or  less  copious  haemor- 
rhages are  found  in  the  fatty  capsule,  in  the  wall  of  the  renal 
pelvis  and  fat  surrounding  it,  but  mainly  throughout  the 
entire  wall  of  the  intensely  red  ureter  right  down  to  the 
ligatured  spot.  These  hsemorrhages  never  fail  to  set  in,  even 
when  particular  attention  has  been  paid  to  cleanliness  and  the 
operation  has  been  carried  out  antiseptically,  and  are,  accord- 
ing to  my  experience,  relatively  more  marked  in  the  rabbit 
than  in  the  dog.  I  must  not  conceal  from  you  that  the 
source  and  origin  of  these  haemorrhages  are  not  perfectly 
clear  to  me ;  it  is  most  probable  however,  that  they  are  due 
to  mechanical  hyperssmia,  depending  on  the  compression  of 
some  of  the  veins  by  the  overfilled  urinary  passages  ;  at  any 
rate,  it  perfectly  agrees  with  this  explanation  that  after  a  few 
days,  i.  c.  so  soon  as  a  sufficient  number  of  effluents  are  pro- 
vided for  the  escape  of  the  stagnant  blood,  the  redness  of  the 
ureter  and  soon  afterwards  the  bleedings  have  usually  dis- 
appeared. The  contents  of  the  pelvis  of  the  kidney  and 
ureter  are  what  might  be  expected  from  the  existing  condi- 
tions. At  the  time  when  the  haemorrhages  are  most  abund- 
ant, large  numbers  of  red  blood-corpuscles  and  often  small 
clots  are  found  in  the  fluid  filling  the  ureter ;  but  if  this  be 
allowed  to  escape  and  a  fresh  ligature  be  applied  immediately, 
the  fluid  is  found  after  a  few  days  to  be  perfectly  clear^  pftle. 
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practically  free  from  blood-corpuscles.  As  was  long  ago 
sTiown  by  Ludwig,  the  mechanical  hyperaetnia  extends  as  far 
as  the  kidney,  and  to  this  hyperferaia  it  is  most  certainly 
due  that  a  email  qnantity  of  alhuttien  and  a  few  hyaline  canfa 
are  contained  in  the  urine  secreted  by  a  kidney  after  the  re- 
moval from  the  ureter  of  a  ligature  which  had  been  applied  for 
twenty-four  hours  previously.  In  rabbits  I  have  never  failed 
to  find  such  casts  in  the  urine^  and  they  are  also  regularly  dis- 
covered inside  the  nrinary  tubules  of  the  animals  killed  during 
the  first  few  days  after  ligature  of  the  nreter ;  in  dogs,  on 
the  other  hand,  they  cannot  be  so  certainly  counted  on,  appa- 
rently because  a  larger  number  of  more  capacious  effluents 
remain  open  in  these  animals, — a  circumstance  which  in  it- 
self is  enough  to  overthrow  the  strange  and  sweeping  con- 
clusions which  Aufrocht*  has  drawn  from  the  occurrence  of 
these  casts.  For  the  rest,  the  absence  of  casts  from  the 
kidney  of  the  rahbit  after  the  sixth  day,  has  not  escaped  the 
notice  of  this  writer  also. 

Meanwhile,  the  condition  of  the  pelvis  of  the  kidney  and 
of  the  portion  of  the  ureter  above  the  ligature  has  not  re- 
mained nnchanged,  the  disieti^on  of  thejte  parifi  having  under* 
gone  a  gradual  tncreajie.  Unlike  the  case  of  hydrops  cys- 
tidis  follcEB,  it  is  here,  in  my  opinion,  nnneccssary  to  have 
recourse  to  a  continued  secretion  by  the  mucous  membrane 
of  the  pelvis  in  order  to  explain  the  increase  of  volume. 
The  pelvis  of  the  kidney  is  not  surrounded  on  all  sides  by 
closed  walls,  but  communicates  freely  with  the  kidney,  which 
on  its  part  has  by  no  means  ceased  to  secrete.  If  it  be 
owing  solely  to  the  high  tension  under  which  the  contents 
of  the  pelvis  are  placed  that  not  a  drop  more  urine  enters  its 
cavity,  the  flow  shonld  at  once  recommence  so  soon  as  the 
tension  is  reduced.  And  it  will  be  reduced,  inasmuch  as  the 
wall  of  the  pelvis  and  ureter  gradually  yield  before  the  pres- 
sure to  which  they  are  continually  subject.  Hence  it  is 
easy  to  understand  that,  during  the  next  few  weeks,  a  very 
considerable  dilatation  of  ike  ureter  and  pelvis  of  the  kidney 
is  developed,  t.  e,  a  condition  which,  you  are  aware,  is  termed 
hydronephrosis  by  the  pathological  anatomist.  The  fluid 
contained  in  the  dilated  pelvis  is  a  very  thin  watery  solution 
•  Aufrecht, '  McJ.  Centnilb./  1879,  p.  337. 
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of  urinary  ingredients  with  a  little  albumen  ;  its  formed  uoa- 
Rtituents  are  extremely  few,  though  the  number  of  poa.cor- 
puHcleB  may  become  very  great,  if,  during  the  operation  of 
ligature,  exciters  of  inflammation  hare  found  their  way  into 
the  urinary  poaaages  shut  off,  and  have  given  rise  to  a  pui 
lent  pyelitis  or  pyelonephritis.  The  contents  of  such  a  pyi 
nephrosis  will  also  of  course  be  richer  in  albumen.  But  if 
you  ask,  what  finally  becomes  of  a  kidney  whose  ureter  re- 
mains permanently  ligatured,  I  reply  that,  according  to  my 
experience,  the  end-result  will  not  be  more  than  a  moderaU 
degree  of  hydronephrosis.  This  appears  to  mo  to  be  due  to 
the  fact  that,  in  consequence  of  the  permanent  high  tension 
in  the  pelvis,  the  circulation  through  the  kidney  gradually 
Buffers, — first,  of  course,  in  the  papillse  or  sections  of  the 
pyramids  embraced  by  the  calices,  but  ultinmtely  in  the 
upper  parts  of  the  pyramids  and  cortex  also,  especially  in  the 
septa  Bertini,  the  latter  effect  being  due  io  the  pressure 
exerted  upon  the  vessels  as  they  enter  the  kidney  in  the 
vicinity  of  the  pelvis.  Proof  of  the  obstruction  of  the  oiron- 
lation  is  afforded,  in  the  first  place,  by  the  flattening  of  the 
pajiilltf  which  takes  place  pari  p(UtMii  with  the  gradual  en- 
largoment  of  the  calices,  and,  in  the  next  place,  by  the  coo- 
fttant  presence  of  anaemia  nf  the  entire  kidney.  At  the  same 
time,  you  will  note  that  the  pale  organ  is  no  longer  cedema- 
tons  as  at  first,  bat  even  conapiouonsly  dry, — striking  proof 
that  the  mechanical  hyperfiemia  and  the  urinary  secretion  are 
both  at  an  end. 

The  examples  of  really  voluminous  hydronephrosis  are,  in 
fact,  never  due  to  rapid  complete  closure  of  the  ureter  ;  th( 
arise  only  when  the  occlu/iwii  is  very  slowltj  develojted  or 
extreme  narrowing  which  yet  leaves  a  portion  of  the  Inmen 
free,  or  when  the  resistance  is  7wt  pennnnnnt  but  aUamaies 
unih  2)enodit  of  pfrviowtriesit.  Very  extreme  hydronephrosia 
may  be  experimentally  produced  in  the  rabbit,  and  still  bettur 
in  the  dog,  by  loosely  surroumiing  some  part  of  the  ureter 
by  a  carbulised  thread,  which  must  not  be  too  thin.  There 
develops  around  the  thread  a  circumscribed  non-aoppurative 
liDfiaiiimation,  leading  to  the  formation  of  a  fibrous  capeulo 
which  by  gradually  contracting  narrows  the  ureter.  In  mftn 
the  occurrence  of  alow  occluaiun  is  most  commonly  duo  to 
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tumours  which  grow  round  or  into  the  ureter.     Narrowing 
is  met  with  in  its  moat  pronounced  form  where  cicatricial 
etriciures  exist  or  when  valves  are  present  in  the  ureter;   the 
latter^  even  when  directed  upwards^  do  not  usually  completely 
obstruct  the  lumon  of  the  tube.      Lastly,  thi*  alternation  of 
occlusion  with  perviousness  of  the  ureter  may  be  most  simply 
brought  about  by  the  repeated  impaction  and  loosening  of 
calculi :   yet  it  is  obvious  that  this  injurious  succession  can 
only  rarely  be  repeated  in  the  same  kidney  with  the  neces- 
sary constancy,  and  hence  beyids  &nd  faulty  insertioiM  of  the 
ureter  into  the  pelvis  of  the  kidney  afford  the  most  fruitful 
examples.      When,  for  example^  the  ureter  springs  from  the 
upper  part  of  the  pelvis^  it  will  bo  impossiblo^as  already  stated, 
for  the  urine  to  enter  it,  while  the  body  is  in  the  erect  posi- 
tion, until  the  pelvis  has  been  filled  to  the  level  of  the  ureter. 
Now  the  pelvis  is  bounded  by  a  yielding  and  distensible  wall 
which  will  gradually  dilate  under  the  influence  of  the  accn- 
mulated  urine,  till  the  size  of  the  sac  when  full  allows  of  its 
completely  compressing  the  ureter  which  lies  upon  the  pelvis 
as  it  passes  downwards.      Only  in  the  erect  position,  however ; 
for  when  the  owner  of  such  a  kidney  lies  down,  e,  g.  during 
Bleep,  the  urine  is  unopposed  and  flows  uninterruptedly  from 
the  sac  into  the  urinary  bladder.     In  bending  of  the  ureter, 
on  the  other  baud,  the  alternation  is  secured  by  a  sort  of  ele- 
vation of  the  section  of  the  ureter  lying  above  the  bend,  which 
takes  place  as  the  tension  increases,  so  that  the  bent  portion 
now  resembles  the  junction  of  the  conical  part  of  a  funnel 
with  the  neck  ;  the  greater  part  of  the  urine  can  thus  flow 
away,  whereupon   the  bend  is  re-established  at  its  original 
situation.      But  even  in  cases  of  simple  narrowing  the  im- 
pediment to  the  excretion  of  urine  is  far  from  being  always 
the  same,  however  little  the  resistance  itself  may  vary.     Sup- 
posing a  considerable  narrowing  to  have  occurred  during  a 
period  of  copious  secretion,  a  moment  will  comparatively  soon 
arrive,  though  not  so  rapidly  as  if  the  obstruction  were  com- 
plote,  when,  owing  to  the  disproportion    between   a£Bux  and 
efflux,  the  pelvis  and  proximal  part  of  the  ureter  will  be  ao 
full  and  tense  that  no  more  urine  can  enter  from  the  kidney. 
Soon,  however,  the  pelvis  rids  itself  of  its  excessive  ooutonts, 
which  flow  away  through  the  narrow  spot  partly  in  obedience 
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to  gravity  and  partly  with  the  aid  of  the  energetic  peristaltic 
movements  of  the  musculature  of  the  ureter,  which  is  abnor- 
mally excited  by  the  resistance  ;  whereupon  the  cycle  begins 
afresh.  It  is  obvious  without  further  discussion  that  no  sach 
marked  alternations  between  excessive  fulness  and  absolate 
emptiness  of  the  pelvis  can  in  reality  occur ;  but  this  circnm- 
stance  clearly  makes  no  difference  in  principle.  For  it  ia 
solely  owing  to  this  mechanism  that  the  kidney  retains  the 
power,  after  a  longer  or  shorter  interval  during  which  the 
escape  of  the  urine  is  interrupted,  of  again  discharging  eon^ 
slderahle  quantities  into  the  pelvis  ;  and  this  is  possible  not 
only  in  the  first-named  malformations  but  in  narrowing  also, 
and  since,  in  gradual  occlusion  of  the  ureter,  the  final  closure 
is  necessarily  preceded  by  a  long  stage  of  partial  obstractioiij 
it  will  be  possible  in  cases  of  this  category  as  well. 

Why  this  particular  condition  of  affairs  should  prove  so 
favorable  to  the  development  of  voluminous  hydronephrosis 
is  evident  without  further  discussion ;  the  secretion  of  the 
affected  kidney  is  never  completely  and  permanently  eop- 
pressed,  and  consequently  more  fluid  enters  the  pelvis  thaa 
if  the  ureter  were  completely  occluded.  It  is,  however,  to 
one  circumstance  more  particularly  that  the  accumulation  of 
a  great  profusion  of  fluid  in  the  accessible  urinary  passages 
is  due — namely,  the  behaviour  of  the  renal  secretion  after  the 
removal  of  the  abnormal  resistances.  When  the  obstacle 
opposing  the  escape  of  the  urine  disappears,  and  the  glome- 
ruli are  in  consequence  relieved  from  the  counter-pressure 
acting  upon  them,  there  immediately  takes  place  a  copious 
secretion  of  very  light  and  clear  urine.  This  is  the  reason 
that,  in  persons  in  whom  the  insertion  of  the  nreter  is  ab- 
normal, such  a  considerable  quantity  of  urine  enters  the 
bladder  so  long  as  they  remain  lying,  and  can  therefore  be 
evacuated ;  while  if  the  passage  to  the  bladder  is  not  per- 
fectly free,  as  in  the  case  of  the  same  individuals  when  they 
stand  or  walk,  or  in  stenosis  of  the  nreter,  the  result  of  the 
profuse  secretion  is  that  the  pelvis  and  ureter  are  always 
filled  with  large  quantities  of  urine  and  excessively  dis* 
tended.  And  because,  so  long  as  the  efflux  from  the  over- 
filled pelvis  is  at  all  possible,  the  urinary  secretion  never 
ceases,  the  process  may  be  repeated  for  years,  and  tens  of 
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years  in  the  same  identical  fashion,  though  not>  it  ia  trne, 
^without  g^dually  bringing'  about  a  reallij  f;u>rmoi/*  dilatutn 
oE  the  parts  in  question.  Even  tbo  hydrouephroais  duo  to 
compression  bj  tumours  usually  considerably  exceeds  in 
dimensions  the  variety  produced  by  sudden  occlusion  of  tho 
ureter  ;  yet  the  narrowing  is  here,  as  a  rule,  too  rapidly  con- 
verted into  closure,  and,  owing  to  the  disease  at  the  bottom 
of  it,  does  not  usually  hvst  long  enough  to  allow  of  the  pro- 
duction of  really  extreme  hydronephrosis.  The  colossal 
hydronephrotic  sacs  which  have  repeatedly  been  mistaken 
for  large  ovarian  tumours  and  sometimes  reach  thL«  size  of  a 
man's  head,  are  met  with  as  the  result  of  cicatricial  stric- 
tnres,  and  more  particularly  in  cases  where  the  ureter  is 
abnormally  inserted,  or  bent,  or  contains  valvea» — malforma- 
tions, that  is,  in  which  sufficient  time  is  allowed  for  the  de- 
velopment of  such  enormous  ectasis.  Tbo  proximal  section 
of  tiie  ureter  may  then  acquire  the  thickness  of  a  loop  of 
•mall  intestine,  while  the  hydronephrotic  sac  itself  has  so 
little  resemblance  to  the  normal  pelvis  renalis  that  an  imme- 
diate diagnosis  is  often  only  possible  through  recognising, 
on  the  circumference  of  the  sac,  tho  greatly  dilated  caliccs, 
which  commonicate  with  the  main  cavity  by  large  neck-like 
mingB.  At  any  rate,  these  secondary  sacs  form  a  much 
more  striking  characteristic  of  the  large  hydronephroses  than 
does  the  renal  substance  enveloping  the  sac.  The  latter  is 
in  these  cases  extremely  thin,  and  appears  in  many  places  to 
be  completely  absent :  in  most  it  scarcely  measures  more 
than  one  or  two  millimetres  in  thickness,  and  if  thicker  por- 
tions are  present  at  all,  they  are  seated  on  some  isolated 
part  of  tho  periphery  which  can  only  he  discovered  by  careful 
dissection  on  every  side.  Now  it  must  not  be  forgotten  that 
a  layer  of  renal  tissue  of  only  a  millimetre  in  thickness  may, 
since  it  surrounds  the  enormous  sac,  be  approximately  equal 
in  bulk  to  a  mass  ten  or  twenty  times  as  thick  arranged 
around  the  normal  pelvis  ;  what  has  taken  place  is  a  very 
considerable  exteusionof  superficies,  naturally  at  the  expense 
of  the  thickness  of  the  kidney.  Nevertheless  it  is  undoubtedly 
correct  to  speak  here  of  hydronephrotic  atrophy.  The  pyra- 
naidfl  are  invariably  absent,  and  even  in  the  still  remaining 
cortical  portion  we  often  meet  with   that   increase  of  the 
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iuterstitial  tiBsues  which  affords  striking  testimony  to  the 
loss  of  epithelium  and  obliteration  of  the  urinary  tubalcs. 
The  glomeruli,  more  eapocially  of  the  oater  layers  of  tho 
cortex,  are  best  and  longest  preserved,  as  yon  yoarselres  have 
doubtless  inferred  from  the  continuance  of  tho  urinary  secre* 
tion  so  often  referred  to.  The  contents  of  these  large  hydro* 
nephrotic  sacs  must  neoossarily  be  urine,  provided  the  efflux 
is  still  possible  and  a  permanent  stasrnation  of  the  fioid  haa 
not  yet  taken  place.  This  urine  will  be  very  watery,  it  L^ 
true,  and  as  a  rale,  thoagh  not  always,  contains  small  tfut 
iitie-f  of  alhunwHt  bat  no  oasts,  and  scarcely  any  other  f< 
constituents,  unless,  indeed  the  hydronephi'osis  is  complicated 
with  inflammation,  hcemorrhage,  or  other  pathological  process. 
Kehrer^  ouco  observed  an  abundant  development  of  giu, 
chiefly  carbonic  acid,  in  the  interior  of  such  a  hydrone^ 
phrotic  sac. 

Contrasting  with  the  effects  just  discussed,  which  are  ex< 
erted  ou  the  kidnt.'y  and  its  function  by  tlie  rise  of  counter* 
pressure  depending  on  the  interpolation  of  a  resistance  in 
the  urinary  passages,  we  have  now  to  consider  the  results  of 
an  opposite  kind  and  to  examine  how  the  ducharye  of  ihs 
urine  is  afFccted  in  persons  with  suoh  resistances.  It  need 
liardly  be  said  that  when  the  ureter  is  completely  occluded 
not  a  drop  more  urine  oan  enter  the  bladder  from  the  corre- 
Bpoudiug  kidney  or  be  discharged  from  the  body.  Hence 
tho  inevitable  consequence  of  the  closure  of  both  ureters  ia 
the  production  of  an  anuria  no  less  complete  than  that  which 
euBuee  when  a  stone  blocks  the  opening  of  the  nrethra,  or  a 
prostatic  tumonr  or  very  tight  stricture  occludes  some  portion 
of  its  lumen.  The  anuria  continues  as  long  as  the  closure  of 
the  urinary  passages  persists,  and  when  the  impediment  is 
not  removed,  either  spontaneously  or  artiflcialty,  there  set  in 
sooner  or  later,  but  always  in  a  very  short  time,  the  pheno- 
mena shortly  to  be  discussed  which  attend  the  retention  of 
urinary  constituents  in  the  organi&ni  and  aro  known  in  patho* 
logy  as  "  urajmio  " — phenomonn  whose  regular  termination 
in  these  cases  is  death.  Wheni  on  the  contraryt  the  impedi^ 
roent  is  got  rid  of,  there  follows,  in  hArmonj  with  tlie  oft* 
mentioned  results  of  experiment,  an  Mtrenwiy  a^tiiidaiii  and 
•  Kohror. '  Ardi.  L  GTnAlroloy./  xvui.  Hit  3. 
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profiUH  0xtretion  of  very  teatery  and  tight  tUar  urine,  wtich 
UHaallj  contains  small  qiiantiiic^  of  albnmen.  Thns  Bartels 
foaud  that  the  patient  already  referred  to  evacuated  uiore  than 
3300  c.c.  nrine  during  the  first  twenty-four  hoars  after  the  pas- 
sages bftd  become  pervious  on  the  removal  of  the  impaoted 
stone  ftod  relaxation  of  the  spasm  of  the  other  ureter.  Simi- 
larly, il  is  an  old  experience  of  the  surgeon  that  men  who, 
owing  to  stricture  of  the  orethra,  pass  no  urine  for  several 
days,  discharge  during  the  next  twenty-four  to  forty-eight 
hours  after  cathcterisation  enormous  quantities  of  yery  dilute 
seoretioD* 

Nothing  of  this  kind  is  observed,  however,  when  only  one 
kidney  or  a  portion  of  one  is  shut  off  from  the  urinary  bladder. 
The  kidney,  or  the  portion  involved,  sends  no  urine  into 
the  bladder,  it  is  true  ;  still  the  quantity  secreted  by  it  and 
immediately  absorbed  will  bo  so  readily  and  perfectly  excreted 
by  the  other  kidney,  yr  by  the  pervious  portion  of  the  par- 
tially occluded  cue,  that  no  diminution  in  the  vulumo  of  the 
urine  sets  in.  If  one  of  the  ureters  be  tied  in  a  dog  and  no 
inflammation  or  disturbance  of  the  animal's  goueral  st^te 
follows  the  operation,  the  amount  and  constitution  of  the 
urine  will  remain  unaltered  if  the  diet  be  the  same  as  before. 
And  this  will  be  the  case  not  only  during  the  first  few  days 
and  weeks  after  the  operation,  but  later  also,  when  the  afPocted 
kidney  undergoes  hydronephrotic  atrophy,  becomes  aniemic, 
and  ceases  to  secrete.  For  there  is  meanwhile  developed  a 
cortipcnsatory  hypertrophy  of  the  second  kidney,  which  is  now 
capable  of  meeting  the  demands  originally  made  on  both 
kidneys  together. 

Moreover,  when,  inst-ead  of  a  nnilateral  occlusion  of  the 
ureter,  we  have  to  deal  only  with  narrowing  on  one  side,  or 
with  one  of  the  malfommlious  which  give  rise  to  a  periodical 
alternation  of  closure  with  perviousneaa  of  one  of  the  ureters, 
the  nrine  does  not  nsnally  betray  the  presence  of  the  lesion 
by  any  characterii^tic  sign.  The  second  kidney  with  normal 
passages  is  always  ready  to  compensate  for  any  Jii^turbanoe 
that  may  occur  in  the  secretion  of  the  opposite  organ ;  and 
consequently  you  need  feel  no  surpriae  should  you  find,  in  the 
history  even  of  very  large  unilateral  hydronephrosis,  abun- 
dant reference  to  the   various  symptoms   n&uatly  attending 
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enormoas  abdonuDal  tamonrs  bnt  nothing  of  »  notewortlij 
character  as  regards  the  urinary  secretion.    Yon  most  be  pre- 
pared, however,  for  an  abnormality  of  the  urine  in  bilateral 
lesions  of    this  kind.     Narrowing  of   both  nreterSi  onleas 
yery  slight,  leads  to  a  diminution  of  the  volume  of  the  urine 
and  of  the  urea-eon  tents,  while  extreme  stenosis  is  attended 
by  such  a  degree  of  oliguria  that  a  fatal  retention  of  urinary 
constituents  takes  place,  thongh  less  rapidly,  it  is  true,  than 
when  the  occlusion  of  the  ureters  is  complete.     The  greatest 
interest    attaches,   lastly,   to   the    bilateral    hydronephroses 
which  arise  in  consequence  of  intermittent  occlusion  of  the 
ureters,  not  so  much  owing  to  the  fact  that  they  present 
the  most  extreme  degrees  of  this  affection,  as  because  the 
interruptions  to  the  impediment  are  clearly  reflected  by  the 
urinary  secretion.      For  in  these  cases,  periods  of  oliguria  and 
complete  anuria  alternate  u:ith  marked  polyuria.      The  fre- 
quency of  the  alternations  and  the  intervals  at  which  they 
take  place   vary,  indeed,  extremely,  and  depend  above  all 
things  on  the  nature  of  the  impediment.     In  the  case  of  a 
woman  with  bilateral  abnormal  insertion  of   the  ureters  into 
the  pelves  in  which  I  made  the  post-mortem  examination,  the 
patient  had  for  a  long  time  passed  practically  no  urine  during 
the    day,  but  had    produced    very  considerable  quantities 
during  the  night.      Yet  such  regular  alternations  will  occur 
onlv  rarelv,  if  for  no  other  reason  because  the  secretion  can- 
not  be  relied  upon  to  proceed  on  both  sides  in  precisely  the 
same  fashion.      Sometimes  an  anuria  lasting  several  days  is 
followed  by  a  j>oriod  equally  long  of  very  pronounced  poly- 
uria, and  this  apttii  by  an  interval  during  which  the  volume 
of  the  urine  ci>utiuues  groat,  but  without  markedly  exceeding 
the  normal ;  it  is  only  necessary  for  the  anuric  period  of  one 
kidney  to  coincide  with  the  polyuric  period  of  the  other^  or 
for  anuria  and  polyuria  to  alternate  several  times  during  the 
same  dar,  in  order  that  on   the  whole  the  nrinarv  secre- 
tion  may   be   spprv«ximately   normal.      Still  more  if  it   be 
temporarily  impacted  stones  that  occlude  the  ureters  for  a 
time,  or  a  large  but  movable  vesical  calculus  that  now  and 
then  gets  in  fn>ut  of  the  oritic«^$  of  W:h  ureters,  or  a  dilated 
rectum  thai  comprees^s«s  both  urei«^r$  only  when  it  is  full,  Uie 
tocairenee  of  a  rt^Ur  alteniatii>n  of  anuria  with  polyuria 
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will  be  altogether  ont  of  the  qnestion.  Why  it  is  that  under 
these  oirottmstances  the  excretion  of  nrine  so  often  exceeds 
the  normal  amount,  jon  are  aware  already ;  this  is,  in  the  first 
place,  the  direct  result  of  each  disappearance  of  the  resist- 
ance ;  and  in  the  second  place,  it  is  precisely  in  these  hydro- 
nephroses that  a  rise  of  arterial  pressure  and  cardiac  hyper- 
trophy are  most  readily  developed,  provided  the  affected  indi- 
viduals are  stOl  young  and  in  other  respects  healthy  and 
vigorous.  In  the  really  large  forms,  it  is  true,  the  resulting 
digestive  and  respiratory  troubles,  &c.,  will  be  attended  by 
general  constitutional  disturbance ;  yet  yon  no  doubt  remem- 
ber that  the  examples  of  hydronephrosis  which  I  myself 
adduced  (vol.  iii,  p.  1194)  were  oases  of  the  last  category 
with  only  temporary  occlusion  of  the  ureter.  When,  how* 
ever,  a  regular  hypertrophy  of  the  heart  has  once  been  deve- 
loped, the  urinary  secretion  is  not  only  abundant  during  the 
period  immediately  following  the  removal  of  the  abnormal 
resistance,  but  remains  so  as  long  as  the  urinary  passages 
continue  pervious  and  easily  passable. 


CHAPTER  V. 

THE    UBINTABT   PASSAGES. 

Bohiticns  of  continuity  in  the  walla  of  the  urinary  ptusageg. — 
Their  catiees  and  consequences. — Urinary  fistula. 

Changes  in  the  urine  produced  by  pathological  prodtteig 
in  the  urinary  passages. — Alkaline  fermentation  of  the 
urine. — Its  causes  and  consequences, 

Ooncretions  in  the  urine. — Add  fermentation  of  the 
urine. —  Uric  add  stones, — Their  formation, — Oxaluria 
and  oxalic  add  concretions. — Phosphatic  calculi, — Vesical 
calculi. 

Normal  evacuation  of  the  urine. — Its  derangements, — 
Tenesmus  ad  matulam. — Impediments  to  the  emptying  of 
the  bladder,  and  thdr  effects, — Retention  of  urine, — In~ 
continentia  urinse, — Ischuria  paradoxa. 

Im  the  brief  remarks  with  which  I  introdaced  the  patho- 
logy of  the  urioary  organs,  I  reminded  yon  that  the  urine 
does  not  at  once  leave  the  body  when  secreted,  and  that  it  is 
more  necessary  in  the  case  of  the  kidneys  than  of  any  other 
gland  to  clearly  distingaish  between  secretion  and  discharge. 
In  other  words,  the  secretion  of  the  nrine  may  be  normal,  and 
yet  tho  urine  wacuated  may  be  abnormal.  Now  we  have  juat 
thoroughly  discussed  perhaps  the  most  important  group  of 
ditturbanct^s  of  evacuation, — the  presence  of  impediments  in 
the  posHagos  and  tho  resulting  interference  with  the  escape 
of  the  urine;  we  were  compelled  to  anticipate  matters  becanse, 
as  you  saw,  those  disturbances  have  an  important  effect,  not 
merely  on  the  evacuation  of  the  urine,  but  on  the  process  of 
Moretion  itself.  Even  assuming,  however,  that  the  urinary 
are  everywhere  pervious,  and  the  channel  free  from 
«pedim^  *rine  passed  the  urethra  maj 
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nevertheless  differ  in  amount  and  constitution  from  the  pnre 
secretion.  Several  other  conditions  mast  be  fulfilled,  and 
wo  shall  begin  by  considering  one  with  which  you  are  fami- 
liar in  connection  with  the  various  other  cavities  and  pas- 
sages of  the  body,  namely,  the  necessity  that  no  other  opening 
but  the  normal  ones  ithould  be  present  in  the  wall  of  the  urinary 
paeeagea. 

Solutions  of  continuity  in  the  wall  of  the  arinary  passages 
are  very  far  from  rare,  and  may  occasionally  be  observed  in 
any  one  of  its  parts.  Their  causes  are  identical  with  those 
which  we  found  gave  rise  to  perforations  of  the  bile-passages 
and  other  canals,  namely,  trautnitta  and  ulrerative  proceewe. 
An  incised  or  bullet-wound  may  pierce  any  portion  of  the 
urinary  passages,  the  pelvis  of  the  kidney  or  the  bliidderi  the 
ureter  or  urethra,  the  wound  being  often  enough  assooiated 
with  injury  to  ooher  parts,  which  adds  considerably  to  the 
importance  of  the  trauma.  Owing  to  the  application  of  a 
diffused  force,  or  in  consequence  of  a  fall  on  a  hard  object, 
the  urethra  or  bladder  may  be  lacerated,  sometimes  indirectly 
as  the  result  of  fractures  of  the  pelvic  bones.  Surgical  errors, 
moreover,  play  a  not  unimportant  part  in  theffitiology  of  snch 
perforations.  Thus  the  forcible  introduction  of  a  catheter  or 
sonnd  may  cause  a  so-called /a 2«0  passage  in  the  urethra,  or, 
if  the  bladder  be  paralysed  and  non-sensitive,  may  lead  to 
direct  perforation  of  its  wall  in  the  region  of  the  vertex. 
Perforation  of  the  bladder  may  also  occur  during  operations 
upon  it,  and  still  more  frequently  during  obstetrical  practice  : 
even  the  ureters  have  repeatedly  been  incised  during  obstet- 
rical and  gynaecological  operations,  e,g,  ovariotomy.  Amongst 
the  ulcerative  processes,  those  produced  by  niones  are  by  far 
the  most  numerous.  It  is  here  certainly  the  very  rare  ex- 
ception for  a  pointed  or  jagged  concretion  to  directly  per- 
forate a  ureter  in  which  it  is  impacted  ;  the  almost  invariable 
course  of  events  is  the  production  by  the  pressure  of  the  cal- 
culus of  a  necrosis  with  secondary  inflammation,  under  the 
influence  of  which  the  rupture  ensues.  This  process  has  also 
been  observed  in  the  pelvis  of  the  kidney  as  well  as  the  ureter, 
farther  in  the  nrinary  bladder  and  even  the  urethra, — in  short, 
in  every  part  of  the  urinary  pasbagCit,  since,  as  you  will  pre- 
ntly  hear,  stones  may  become  wedged  in  all  these  places. 
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The  perforations  arising  in  conseqnenoe  of  other  ulcerative 
processes  are  much  rarer  than  those  which  are  occasioned  hj 
calculi — that  is^  if  we  leave  oat  of  account  the  eaneerouB  com- 
manications  of  the  bladder  with  the  rectomy  and  more  espe- 
cially with  the  vagina  and  ntems^  which,  nnfortonatelj,  are 
only  too  frequently  observed  by  the  physician  and  anatomist. 
Now  wherever  an  apparently  spontaneous  rapture  has  occarred 
in  some  portion  of  the  nrinary  passages,  yon  will  never  omit 
to  explore  the  part  for  the  ulcerative  process  or  antecedent 
trauma ;  for  an  otherwise  healthy  bladder  or  pelvis  never  rup- 
tures as  the  consequence  merely  of  over-distension ;  the  blad- 
der may  be  enormously  dilated  owing  to  an  impenneable  strio- 
ture  of  the  urethra,  and  may  extend  high  up  into  the  abdo- 
minal cavity ;  the  pelvis  may  be  extremely  ectatio,  and  at 
the  same  time  tensely  filled — still  you  need  never  fear  a  rup- 
ture, simply  because,  as  you  are  aware,  the  urine  ceases  to 
flow  so  soon  as  the  tension  on  the  proximal  side  of  the  ob- 
struction has  reached  a  certain  elevation.  True,  it  need  hardlj 
be  said  that  the  bladder,  when  extremely  distended  and  over- 
filled, will  much  more  readily  be  ruptured  by  a  diffused  force 
applied  to  the  abdomen  than  when  contracted  or  only  par- 
tially filled. 

Apertures  in  the  urinary  passages  are  in  very  bad  repute 
with  the  public,  and  for  good  reasons ;  for  only  too  often 
they  run  a  dangerous  course.  Still  the  danger  should  not 
be  exaggerated.  The  urine  is  a  fluid  destined  for  removal 
from  the  body,  and  should  it  escape  from  the  passages  through 
an  abnormal  <^ning,  this  nevw  invdvee  any  loss  to  the 
organism ;  on  Uie  other  hand,  ncurmal  nriae  is  not  at  aU  an 
injurious  fluid,  so  that  contact  with  it  is  not  attended  by  pre- 
judice to  the  organs  and  tissues  generally.  If  jom  divide 
the  ureter  of  a  dog  in  the  abdominal  cavity  at  a  distance  of 
a  few  centimetres  from  the  bladder,  no  notewoithy  distar- 
bance  takes  place,  provided  a  tiaumafcie  peritonitiB  be  averted; 
for  the  urine  which  at  firal  freely  enters  the  abdominal  cavity 
is  at  once  absorbed  and  then  excreted  bv  the  o^ter  kidney. 
This  state  of  things  does  not  last  long,  however ;  the  est 
end  of  the  ureter  soon  begins  to  contract,  aad  aftsr  a 
■■d  to  be  deaed  by  dcfttridal  timr 
f  kidaaj  has  vadHfOM  h|diOMfl  ^ 
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fotaiing  vfoundg  of  the  bladder  are  far  from  always  proving 
fatal.  True,  if  a  widely  gaping  wound,  also  involving  the 
peritODeum,  is  situated  in  the  lower  segment  of  the  bladder^  it 
IB  almost  inevitable  that  the  great  bulk  of  the  nrine  should 
oonstantly  flow  away  into  the  abdouiiual  cavity  and  should 
thus  give  rise  to  a  fatal  retention  of  urine.  On  the  other 
hand,  wonnds  of  the  vertex  by  which  the  evacaation  par  ure* 
thrnm  is  not  prevented,  can  very  well  heal.  But  such  a  favor- 
able coarse  is  taken  only  when  the  escaping  urine  is  and  con- 
tinues normal,  and  the  dangerous  element  in  these  accidents 
is  the  fact  that  the  urine  is  a  very  readily  decomposnhle  finid. 
When  the  escaped  urine  comes  into  contact  with  certain  organ- 
isms capable  of  exciting  fermentation — and  an  opportunity 
for  this  is  affnrded  by  all  kinds  of  wonnds — what  is  knowa 
as  alk(ilin*f /i*nnsntatiori  of  the  urine  sets  in,  of  which  more 
anon ;  and  the  urine  so  altered,  far  from  being  indifferent  to 
the  tissues,  gives  rise  to  the  most  severe  necrosive,  diphthe- 
ritic, and  purulont-hoomorrhagic  inliammationa.  But  since 
the  urine  is  often  enough  in  a  decomposing  state,  in  the 
alcerative  processes  due  to  calculi,  Ac,  which  initiate  the  non- 
traumatic perforations  of  the  urinary  passages,  while  a  limited 
necrotio-purolent  inflammation  of  the  wall  is  also  invariably 
present  in  addition,  these  solutions  of  continuity  are  uuder 
all  circumstances  more  serious  than  the  purely  tniumatio. 
The  decomposing  urine  gives  rise  in  the  abdomen  to  a  severe 
and  probably  always  fatal  peritonitis  ;  and  if  the  opening  be 
extra-peritoneal, «?.  g,  in  the  posterior  wall  of  the  pelvis  of  the 
kidney,  the  result  is  a  very  tedious  and  by  no  means  harm- 
less purulent  perinephritis  with  formation  of  abscesses. 
Again  it  is  simply  the  ease  with  which  the  urine  decomposes 
that  causes  the  urinary  infiltration  of  periurethral  and  pelvio 
cellular  tissues,  in  consequence  of  ruptures  of  the  urethra  and 
region  of  the  neck  of  the  bladder,  to  be  so  dangerous  and  so 
dreaded. 

Such  being  the  state  of  affairs,  it  is  decidedly  a  piece  of 
good  fortune  that  provision  is  usually  made,  more  especially 
in  the  perforations  taking  place  from  within  outwards,  by  ante- 
cedent inflammation  and  the  formation  of  adhesions,  against 
the  escape  of  the  urine,  together  with  the  stone  or  other  im- 
purity, into  the  cavity  of  the  abdomen  or  subperitoneal  celln- 
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lar  tiflsue ;  with  the  result  that  it  is  directed  into  wnne  other 
rovimunirniing  cavity.  On  the  loft  side,  tlie  pelvis  of  the 
kidney  has  beeu  observed  to  communicate  with  the  coloo  aud 
with  the  stomach,  on  the  right  with  the  ciecum  and  g^l- 
bladder;  ou  both  sides  ruptures  in  an  outward  direction 
through  the  lumbar  muscles  have  been  seen.  The  urinary 
bladder  has  been  repeatedly  found  in  perforative  communica- 
tion with  a  loop  of  intestine,  with  the  gall-bladder,  and  also 
with  the  stomach  ;  perforations  forward  through  the  abdo* 
minal  wall,  or  in  the  inguinal  region,  or  perineum  are  far 
from  rare,  and  I  have  just  referred  to  the  gi-eat  frequency  of 
recto-vesical  and  vesico-vaginal  fistula? ;  the  latter,  if  not 
traumatic,  mostly  depend  on  a  cancerous  process,  yet  the 
calculous  perforations  also  contribute  their  contingent.  Fis- 
tulaa  of  the  ureters  lead  either  outwards,  or,  when  due  to 
gynaecological  manipulations,  into  the  female  genital  tract* 
FistulsQ  of  the  urethra  may  open  in  the  female  into  the  vagina, 
while  the  much  more  frequent  urethral  fistulie  of  the  male 
may  select  any  portion  of  the  penis  or  scrotum  or  even  of 
the  neighbouring  skin. 

While  the  actual  danger  to  life  is  averted  by  these  fistu- 
lous communications,  they  are  anything  but  desirable  occur- 
rences. They  are  attended  by  troublesome  disturbances  in 
two  different  directions.  In  the  first  place,  it  may  easily 
happen,  in  communications  with  other  cavities,  that  forei^^ 
boilies  escape  into  the  urinary  passages,  and  there  give  rise 
to  inflammation  and  more  especially  to  the  formation  of  con- 
cretions and  stones  with  all  their  consequences.  The  second, 
and,  as  a  rule,  much  more  disagreeable  resnlt  for  the  patients 
arises  from  their  inability  to  control  the  escape  of  the  urioe 
from  the  fistulas  and  communicating  cavitiea.  True,  when  the 
escaping  urine  enters  the  intestine,  the  patient  usually  bdc- 
ceeda  in  preventing  its  conbtant  trickling  ;>er  anum ;  yet  pro- 
fuse diarrbcea  is  present,  as  a  rule,  in  these  cases,  the  motions 
containing  pus  and  having  a  urinous  odour  when,  as  usually 
happens,  the  pelvis  of  the  kidney  or  the  urinary  bladder  ia 
in  a  condition  of  pyelitis  or  cystitis.  In  urethral  fistulu^,  also, 
the  urine,  it  is  evident,  will  escape  in  more  or  less  large  qnan- 
titieH  through  the  abnormal  opening,  only  when  it  is  volon* 
tarily  evacuated  per  ureihram.     But  the  state  of  persons  wiih 
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exterTi»l  fistulict  of  the  pelves  of  the  kidneys,  ureters  or  bladder 
in  all  the  more  deplorable^  and  no  le&s  latnentaLle  ib  the  con- 
dition of  a  woman  with  u  Hstula  leading  from  the  bladder  or 
ureter  into  the  vagina.  The  arine  as  it  trickles  away  keeps 
up  a  continuous  eczematous  inflammation  nf  the  skin  or  ex- 
ternal genitals  in  the  neighbourhood  of  the  fistulous  open- 
ing ;  the  dress  is  constantly  wet;  and  the  ammoniacal  urine 
gives  off  a  penetrating  odour;  in  short,  the  situation  of  these 
unhappy  patients  is  very  often  so  painful  that  they  willingly 
consent  to  the  moat  serious  operations,  such  as  closure  of  the 
vagina  or  even  extirpation  of  a  kidney,  in  the  hope  of  secur- 
ing relief. 

The  necessary  consequenceof  every  abnormal  opening  in  tho 
wall  of  the  urinary  passages,  however  arising,  must  obviously 
be  a  diminution  of  excretion  by  the  normal  channel ;  for  the 
amount  discharged  j'er  urethraviwiW  be  less  than  that  secreted, 
by  the  quantity  escaping  through  the  fistula,  &c.  For  the 
rest,  the  urine  evacuated  ■perureihram  as  well  aa  that  coming 
from  the  fistula  may  be  perfectly  normal  in  composition,  clear, 
acid,  and  without  any  formed  cuustitueuts.  lu  tho  mujority 
of  such  cases,  however,  the  urine  is  not  qualitatively  normal^ 
even  when  the  kidneys  have  remained  free  from  all  patho* 
logical  processes  ;  aud  as  regards  hydronephrosis  also,  I  have, 
as  you  will  remember,  repeatedly  dwelt  on  the  fact  that  a 
clear,  acid  urine,  which  only  departs  from  the  norma]  in 
amount  and  urea-contents,  is  far  from  being  always  met  with. 
But  such  anatomical  alterations  as  stenoses  and  solutions  of 
coatinuity  are  not  even  necessary  to  produce  an  occasional 
difference  in  composition  of  the  uriue  discharged  through  the 
urethra  and  that  secreted  by  the  kidneys.  In  a  normal  con* 
dition  no  such  difference  is  found,  as  you  know.  The  urine 
secreted  by  the  kidneys  Bows  without  delay  into  tho  bladder, 
partly  by  the  force  of  gravity  and  partly  owing  to  the  prea- 
sare  of  the  followiug  secretion,  but  more  especially  by  tho  aid 
of  the  peristaltic  contractions  of  the  ureters  ;  and  after  a  longer 
or  shorter  stay  in  the  bladder  it  is  dischargod  from  the  body 
by  tho  contraction  of  the  bladder- wall.  That  a  few  epithelial 
cells,  and  perhaps  also  some  mucus,  may  become  mixed  with 
the  urine  during  its  transport  is  not  to  be  dented,  but  passing 


o^^sr  th^^  haamleiiA  impTxrities,  the  ortne  andergQes  no  sltera- 
tion  Yj^»wf::*m  nhfr  p«*lTi.^  of  the  kidney  mad  the  ureter,  if  its 
AtAy  m  r,h^  hlaiiiji^r  i^i  not  ondalj  prolonged.  This  preserra- 
turn  of  itA  oritrinal  characters  by  the  secreted  urine  depends, 
in  the  fir%t  place,  on  the  fact  th^t  no  secretion  is  poored  oat 
by  the  wM  of  the  nriaary  paAsagea  and  mingled  with  the 
nrine,  <io  loT^g  aa  the  macons  membrane  with  its  epithelioniy 
▼eAV;U,  f(\Andn,  he,  are  normal  in  stmctare  and  fnnction. 
Ami  %i^  for  absorption,  thoagh  the  normal  Tesical  mneoos 
m^ymbrane  in  capable  of  absorbing  all  watery  solotions 
with  which  it  comes  into  contact,*  yet  it  requires  a  mncK 
lorig#!r  time  to  effect  this  than  is  nsoally  spent  by  the  nrine 
in  the  bla^lder;  and  while  the  absorptive  capacity  of  the 
mtic^^os  membrane  of  the  nrethra  considerably  exceeds  that 
of  th^s  vesical  mucous  membrane,  yet  the  rapidity  of  the  pas- 
fia^f;  of  the  urine  through  the  urethra  renders  aU  absorption 
imyK^HMibhj, 

On  the  other  hand,  we  can  no  longer  count  upon  an  an- 
nWiVad  r;fjnstitution  of  the  urine  when  the  integrity  of  themn- 
couN  mombrane  has  been  destroyed  owing  to  pathological 
cauMON.  I  recently  told  yon  that  when  an  abnormal  communica- 
tirm  nxintH  between  the  urinary  passages  and  other  carities, 
foreign  matters  may  enter  the  urine.  When  bile  flows  from 
the  gitll-bladdor  into  the  pelvis  of  the  right  kidney  or  into  the 
iirinnry  blnddor,  the  urine  must  acquire  icteric  characters, 
and  it  may  huppon  in  this  way  that  a  gall-stone  maybe  dis- 
cliiirgod  ]>fr  undhram  or  may  form  the  nucleus  of  a  vesical 
oiil(^nliis.  Hut  much  more  extraordinary  objects,  such  as  pieces 
nf  m(*atf  raiHin-stonoH,  he*,  may  be  carried  away  by  the  urine 
an  till)  roMult  of  communications  with  the  intestines  or  even  the 
Htotniu:!).  ThoHo  foreign  bodies,  though  sufficiently  strik- 
ing, an«  dcMudtnlly  toss  interesting,  however,  than  true  ^aiho^ 
hgiral  pnufurtn^  which  have  effected  an  entrance  to  the  uri- 
nary paNsagoH  by  porforating  the  mucous  membrane,  such^ 
p,  r/.  as  Hoftj  pulpyj  or  oven  cystic  tumours,  whose  contents^ 
fluid  fat,  ha)matoidin  and  other  crystals,!  pigmented  cells  and 
flakes,  in  short,  all  kinds  of  material — may  become  mixed  with 
the  urine.     Hhreds  and  fragments  of  soft,  villous,  or  diain- 
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legating  earcinomaB  of  the  urinary  bladder  are  also  aome- 
ticnea  passed  with  the  urine^  bat  they  are  seldom  sufficiently 
characteristic  lo  admit  of  a  certain  diagnosis.      This  brings 
as  to  tlie  domain  of  the  actual  dMeatfps  of  the  mucotui  mem- 
hrane  of  the  arinary  passages,  and  it  is  by  these  that  the  com- 
position of  the  urine  is  by  far  the  most  frequently  influenced. 
Many  oases  of  fia^inaturia  depond  upon  haemorrhages  into  the 
iiriuary  passages,  and  when  a  great  number  of  red,  but  very 
few  colourless  corpuscles  are   present  iu  the  sediment,  and 
casts  are  completely  absent,  it  is  much  more  probable  that  yon 
have  to  deal  with  haamorrbagc  from  the  peh-is  of  the  kidney, 
uretera^or  bladderthan  with  a  hssmorrhagic  nephritis, and  this 
probability  ia  considerably  strengthened  when  actual    blood- 
clots  have  escaped  with  the  urine.     For  the  rest,  1  need 
hardly  say  that  true  htnmorrhage  may  also  take  place  from  the 
kidney  into  the  pelvis.     I  may  remind  you,  next,  of  the  lymph' 
and  chijle-fistulai  opening  into  tho  nrinary  passages,  owing  to 
which  the  urine  may  acquire  a  perfectly  chylous  character 
(cf,  vol.  iii,  p.  1216).      The  inflammations  of  the  mucous  memm 
hrant^  are  more  important,  however.      Of  these,  the  most  fre- 
quent form,  suppurative  inflammation,  has  been  touched  npon 
on  a  previous  occai«ion  (vol.  iii,  p.  1208),  when  I  pointed  out 
what  a  copious  sediment  of  pus-corpuscles  is  thrown  down  by 
the  urine  in  suppurative  pyelitis.     The  same  thing  occurs  in 
acute,  and  more  especially  in  chronic,  cystitis;  nor  is  pave- 
ment epithelium — easily  distinguishable  by  its  form  from  the 
epithelium  of  tho  tubules — absent  in  inflammation  of  the  pel- 
vis and  bladder.      The  suppurative  pyelitis  and  cystitis  are 
Bot  uncommonly  complicated  by  a  diphtheritic  inflammation 
of  the  mucous  membrane  of  these  parts ;  yet  we  sometimes 
also  meet  with  a  pure  croupous  inflammation  leading  to  the 
formation  of  true  fibrinous  membranes.      This  croup  of  the 
urinary  passages  has  been  observed  more  particularly  after 
acute  poisoning  by  cantharides,  and  sometimes  extends  from 
the  pelvis  as  far  as  the  bladder;  provided  the  patient  survives 
the  tirat  few  hours,  it  usually  takes  a  favorable  course,  so  that 
the  large  fibrinous  shreds  and  tubes  disappear  from  the  nrine 
after  a  few  days.     Lastly,  we  have  here  to  consider  the  tuher* 
culous  and  hjmpho-sarcomaious  inflammations  of  the  urinary 
passages,  a  common  feature  of  which  is  that  they  vary  greatly 
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in  their  distribution,  being  sometimes  no  more  than  mere  foci 
of  disease  in  the  pelvis  or  the  neck  of  the  bladder^  and  at 
other  times  extending  without  interruption  from  the  pelvis  of 
the  kidney  through  the  entire  ureter  into  the  bladder  and  even 
the  urethra.  Since  these  processes  regularly  lead  to  breaking 
down  of  the  superficial  parts,  detritus  must  inevitably  enter 
the  urine  and  be  discharged  with  it ;  the  urinary  secretion  of 
these  patients  is  consequently  more  or  less  cloudy,  and  deposits 
a  sediment,  although  it  is  perfectly  normal  in  amount,  reac- 
tion, specific  gravity,  urea-contents,  &c.,  and  need  not  con- 
tain more  than  minute  quantities  of  albumen.  It  is  gene- 
rally characteristic  of  the  urine  in  such  cases  that  in  all  essen- 
tial particulars  it  agrees  with  the  healthy  secretion — provided 
at  least  that  the  kidneys  are  not  otherwise  diseased.  Could 
we  succeed  in  completely  removing  the  particles  of  detritus, 
the  masses  of  fibrin,  the  epithelial  cells,  &c.,  the  urine  would 
be  found  to  be  perfectly  normal,  such  as  would  correspond  to 
the  general  condition  and  diet  of  the  individual  concerned. 
And  this  would  hold  trne  even  of  the  suppurative  and  pum- 
lent*diphtheritic  cystitis  and  pyelitis,  were  it  not  that  in  the 
majority  of  these  cases  the  urine  is  distinguished  in  a  very 
marked  manner  from  the  normal  secretion,  t.  e.  by  its  neutral 
or  even  alkaline  reaction. 

The  conditions  under  which  the  urine  may  acquire  an  alka- 
line reaction  differ  greatly  in  character.  When  the  alka- 
linity is  due  to  the  use  of  potash,  soda,  or  of  the  vegetable 
salts  of  the  alkalies  which  are  converted  into  carbonates  in 
the  body,  it  is  evidently  nothing  pathological;  and  if  the 
urine  of  persons  suffering  from  disease  of  the  stomach,  whose 
gastric  juice  is  deficient  in  acid  and  who  are  accustomed  to 
vomit  the  greater  part  of  the  stomach-contents — ^if,  as  I  for- 
merly told  you  (vol.  iii,  p.  1 1 13),  their  urine  loses  its  acid  re- 
action, it  is  not  the  urinary  apparatus  that  performs  itsfimo- 
tions  abnormally.  Not  so  with  the  alkalinity  of  the  urine  in 
pyelitis  and  cystitis.  For  in  these  diseases  the  urine  ka*  its 
wmal  acid  reaction  vkcn  secreted,  and  Aoir  oii/y  hetotme  atts- 
Unt!  ttitkin  the  urinary  jpoAwi^e*.  This  change  is  effiectod  bj 
the  same  process  which  invariably  transforms  the  urine,  after 
its  discharge  from  the  body  and  exposure  for  a  linger  or 
•kofier  period  to  Uie  air,  into  an  alkaline  flnid,  nnriting  oC 
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ammonia,  t.  «.  by  the  eo-called  alkali-ne  fermoniaiwn.  The 
latter  haa  long  been  known  to  consist  essentially  In  the  trans- 
formation of  urea  into  ca.rbonat.e  of  ammonia  and  the  secon- 
dary processes  following  thereupon,  as  weakening  of  the  acid 
reaction,  separation  of  oxalate  and  neutral  phosphate  of  lime, 
the  formation  of  triple  phosphate  and  of  amorphous  deposits 
of  urate  of  ammonia  ;  and  no  one  now  doubts  that  the  decom- 
position is  initiated  solely  by  the  action  of  organised  ferments, 
tho  ubiquitoua  iorulm  of  the  urineor  microcorctts  urese,  so-called 
by  F.  Cohn.  But  strange  to  say,  the  conclusion  following 
therefrom  for  our  organism  also  has  not  been  unreservedly 
accepted  by  a  number  of  pathologists.  They  do  not  of  course 
deny  the  possibility  that  in  the  human  body  stagnant  urine 
may  be  caused  to  undergo  alkaline  fermentation  by  organ- 
isms which  have  entered  it  from  without;  but  they  maintain 
at  the  same  time  the  old  and  formerly  quite  comprehensible 
view,  that  this  fermentation  may  be  brought  about  by  the 
stagnation,  or  may  develop  under  the  influence  of  the  veHical 
mucus,  shed  epithelium,  or  pus-corpuscles.  Yet  this  opinion 
is  quite  untenable.  On  ligaturing  one  of  the  ureters  in  a  dog 
with  the  necessary  precautions,  alkaline  fermentation  never 
sets  in  in  the  pelvis  of  the  kiduey,  however  long  the  time 
allowed  to  elapse  since  the  application  of  the  ligature  ;  and 
in  man  also  the  urine  contained  in  a  hydrouephrotic  sac  may 
continue  clear  and  acid  for  many  months  ;  in  fact,  it  will  do 
BO  as  a  rule,  when  the  ureter  is  completely  and  permanently 
closed,  t.  c.  when  the  stagnation  of  the  urine  in  the  pelvis  of 
the  kiduey  is  complete.  That  the  opinion  above  referred  to 
should  nevertheless  have  arisen,  is  explained  without  difficulty 
by  the  fact  that  alkaline  fermentutiou  i»  specially  prone  to 
occur  when  for  any  reason  the  urine  stagnates  in  some  part 
of  the  urinary  passages  ;  thus,  it  readily  takes  place  in  hydro- 
nephroses, behind  strictures  of  the  urethra  and  tumours  of 
the  prostate,  and  in  paretic  or  paralytic  bladders  which  are 
not  evacuated  in  a  regular  manner.  Still  this  preference  de- 
pends only  and  solely  on  the  circumstance  that  the  alkaline 
fermentation,  for  the  development  of  which  outside  the  body 
several  days  are  as  a  rule  rcfpured,  does  not,  even  under  the 
more  favorable  conditions  presented  by  our  organiHrn,  set  in 
suddenly,  but  retjutrus  for  its  production  a  space  of  time 
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which  is  not  secured  it  when  the  nrine  is  normally  passed. 
I  have  already  mentioned  (vol.  i^  p.  302)  that  when  a  liqaid 
containing  bacteria  is  introduced  into  the  bladder  of  a  healthy 
dog,  no  reaction  is  set  up,  simply  because  the  schizomycetes 
are  removed  with  the  urine  next  evacuated.  But  if  immedi- 
ately on  injecting  the  fluid,  a  ligature  be  firmly  tied  round 
the  penis,  it  will  soon  be  found — certainly  within  a  few  days 
— that  the  urine  of  the  bladder  is  neutral  or  even  alkaline, 
i.  6.  in  a  condition  of  alkaline  fermentation.  A  clear  li^ht 
is  thrown  by  this  simple  experiment  on  some  clinical  experi- 
ences. It  is  quite  true  that  alkaline  fermentation  coincides 
in  the  great  majority  of  cases  with  stagnation  of  the  urine, 
and  it  is  no  less  correct  that  the  nrine  when  undergoing  alka- 
line fermentation  always  contains  pus-corpuscles  and  epithe- 
lial cells,  often  in  very  large  numbers  ;  but  the  stagnation — 
to  emphasise  this  point  once  more—never  alone  produces  this 
decomposition  of  the  urine,  and  it  is  also  very  exceptional 
for  a  purulent  inflammation  of  the  urinary  passages  to  give 
rise  to  alkaline  fermentation.  When  an  abscess  of  the 
kidney  or  of  its  vicinity  discharges  into  the  renal  pelvis  or  a 
submucous  phlegmonous  inflammation  into  the  urinary  bladder, 
the  organisms  entering  with  the  pus  may  give  rise  to  alkaline 
fermentation  of  the  urine,  just  as  they  do  to  cystitis  and  pye- 
litis. Much  more  frequently,  however,  the  converse  relation- 
ship prevails,  and  the  decomposition  of  the  urine  precedes  the 
injiammation,  Where  an  abnormal  communication  exists  be- 
tween the  urinary  passages  and  the  vagina  or  intestine,  &c., 
the  exciter  of  fermentation  may  obtain  admission  from  the 
latter  parts  ;  but  the  usual  sequence  of  events  is  the  convey- 
ance, by  means  of  an  imperfectly  cleansed  catheter,  of  schizo- 
mycetes into  the  urinary  bladder  and  urine,  which  till  then 
was  perfectly  normal  and  had  a  normal  reaction ;  and  since 
the  catheter  will  scarcely  be  employed  except  when  the  regu- 
lar evacuation  of  the  bladder  has  been  prevented  either  by 
an  actual  obstacle  or  by  muscular  feebleness  or  again  by  loss 
of  consciousness  and  sensibility,  the  organisms  introduced 
meet,  as  a  rule,  with  an  all  too  favorable  soil  for  their  multi- 
plication and  development.     Since  Traube*  first  drew  atteu- 
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tion  to  this  connectioa  of  events,  genuinely  tfpontaneona  cases 
of  alkaline  fermentation  of  the  urine,  in  which  artificial  iutro- 
dnction  of  the  exciters  of  iuflainmation  is  excluded,  have  be- 
come some  of  the  greatest  rarities.  This  is  true  at  least  of 
the  male:  for  the  ehort  and  comparatively  wide  urethrft  of 
the  female  probably  offers  no  iusnrmouutable  obsuele  to  the 
occasional  passage  of  schizomycetes  from  the  vagina  and  vulva 
int-o  the  urinary  bladder.  What  far-reaching  importance 
attaches  to  the  artilicial  introduction  of  these  organisms,  in 
the  production  of  alkaline  fermentation,  is  nowhere  mora 
clearly  taught  than  by  the  history  of  pyelitis  and  cystitis. 
It  was  with  good  reason  that  I  just  now  stated  how  excep- 
tional it  is  for  those  inflammations  to  become  the  caase  of 
alkaline  fermentntion  of  the  urine  ;  for  a  very  violent  and 
even  ulcerative  iutlaiuaiation  of  the  pelvis  uf  the  kidney 
may  be  set  up  by  calcnli,  and  pronounced  suppurative  pye- 
litis may  develop  in  the  coarse  of  infective  diseases — yet  the 
urine,  though  it  contains  a  copious  sediment  of  pus-corpuscles 
and  epithelium,  always  remains  urtff  till  some  necessity,  such 
as  may  readily  arise  in  these  cases  more  particularly,  requires^ 
the  use  of  the  catheter  or  sound.  Should  the  instrumented 
be  dirty,  the  urine  which  has  for  weeks  preserved  its  acid 
reaction  despite  the  caleuH  and  pyelitis,  may  become  alka* 
line  withiu  twenty-four  to  forty-eight  hours. 

While  we  have  hero  what  I  might  almost  call  an  accidental 
conjunction  of  inflammation  of  the  mucous  membrane  and 
fermentation  of  the  urine,  in  which  a  dependence  of  the  lattor 
on  the  cystitis  or  pyelitis  is  altogether  out  of  the  question, 
those  cases  in  which  the  inflammation  follows  the  decomposi- 
tion of  the  urine  arc,  aj^  already  noticed,  very  much  more  fre* 
quent.  It  is  indeed  open  to  discussion  whether  the  decom- 
posing urine  or  the  quantities  of  bacteria  contained  in  it  set 
up  the  inflammation  of  the  urmary  passages,  and  the  latter 
alternative  may  be  supported  by  the  circumstance  that,  in  the 
kidney  itself,  the  colonioa  of  micrococci  which  have  penetrated 
into  the  urinary  tubules  are  tiurrounded  by  foci  of  purulent  in- 
flsmmation ;  at  any  rate  the  fact  remains  that  after  the  urine 
has  become  alkaline,  the  mucons  membrane  in  contact  with 
it  very  soon  undergoes  a  severe  hsemofrhagio  purulent  m- 
fiammation.      Not  only  mo,  but  the  iuflammatiou  is  very  fre- 
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qoently  complicated  by  a  more  or  ]es8  deep  necrons,  so  that 
the  process  acquires  a  marked  diplitheritir  character,  A»  for 
this  uecroftis  aUo^  it  Las  not  yet  been  made  out  wbether  it 
bbould  be  attributed  to  the  action  of  baotoria — in  the  pyelo- 
nephritio  focij  the  suppuration  is  mostly  preceded,  you  are 
aware,  by  a  local  necrosia — or  whether  it  is  referable  to  the 
corrosive  action  of  the  ammoniacal  urine.  One  undoubted 
effocfc,  however,  of  the  carbonate  of  ammonia  contained  in  the 
urine  is  the  inuc</tut  and  getatinmis  appearance  of  the  thick 
sediment  thrown  down  in  these  cases.  Nothing  would  be 
more  erroneous  than  to  speak  of  a  catarrh  of  the  bladder  on 
the  strength  of  the  mucous  coasistence  sometimes  charac- 
toristic  of  the  whole  amount  of  urine.  Whether  an  actual 
catarrh  ever  occurs  in  the  bladder,  t.  e.  an  inflammation  of  the 
mucosa  aceompauied  by  an  abundant  production  of  mucus, 
may  perhaps  be  questioned,  as  has  been  done  by  Tranbe.* 
The  mucoid  masses  in  our  alkaline  urine  certainly  do  not  con- 
sist of  mucin,  but  of  albumen,  and  are  nothing  bnt  the  prt^- 
ducts  of  the  action  of  the  carbonate  of  ammonia  upon  tho 
pus-corpuscles  and  epithelial  cells  contained  in  the  nriue  ; 
precisely  the  same  muoo-gelatiuous  consistence  is  produced 
in  a  purulent  fluid  on  adding  ammonium  carbonate  or  caaslio 
ammonia  in  a  test-tube.  Moreover,  tho  secondary  processes 
observed  to  occur  during  alkaline  fermentation  in  urine  pre- 
served in  the  air  without  auy  special  protective  measures,  also 
set  in  iu  the  urinary  passages  when  the  same  decora  position 
has  taken  place.  Here  too,  oxalate  and  phosphate  of  limo 
are  first  precipitated  ;  after  the  process  has  lasted  for  a  time, 
large  quantitiesof  crifntalline  arn-tnoniaco-viaifntHian  phosphate 
scpHrate  out,  and  a  deposit  of  amorphous  urate  of  ammonia 
oocnrs.  Now,  if  the  surface  of  the  muuuus  membrane  is  ne- 
crotic in  places,  the  affected  spots  not  ouly  become  deepl 
stained  with  urinary  pigment  but  micruvted  witfi  precipitiil 
salts ;  and  in  this  way  the  mucous  membrane  of  the  bladder, 
ureter,  pehns  of  the  kidney,  and — in  vesico-vagiual  fistula- 
of  the  vagina  as  well,  acquire  an  uneven  an<I  rough  surface 
often  for  considerable  distances,  no  that  to  the  oxaminin^ 
finger  the  sensation  is  given  of  contact  with  a  piece  of  emery- 
paper  or  even  a  file.  Under  these  circumstances  thv  urii 
*  IVHubc,  *Uc«.  Ablianill./  iii.  fi.  ti. 
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is  alwajB  extremelj  cloady  when  paased,  and  throws  down  a 
c<»ptous  pri^oipitiite,  ia  which  the  paa-oorpuscles  and  epithelial 
oeila  have  for  the  most  part  lost  their  sharp  contours  nnder 
the  influence  of  the  carbonate  of  ammonia  ;  the  large  quan- 
tities of  crystals  of  triple  phosphate  appear  characteristtcally 
prominenti  and  a  great  amount  of  amorphous  organic  and 
inorganic  material  is  also  invariably  present.  The  sediment 
may  be  allowed  to  settle  as  completely  as  possible,  and  the 
clear  arine  above  it  may  be  repeatedly  filtered,  yet  the  cloudi- 
ness, far  from  being  removed,  will  Bcarf-iely  bo  reduced  ;  for  it 
mainly  depends  on  the  micrucotei  and  other  ttckizumycotus  vfhich 
are  contained  in  every  drop  of  the  arine^  sometimes  in  enor* 
moos  multitudes. 


I 


Among  the  changes  undergone  by  the  nrine  in  the  urinary 
pasHagoHf  we  must  now  devote  a  few  words  to  the  formation 
of  conrrtiioim,  to  which  reference  has  so  often  been  made. 
The  nrine  is  naturally  very  specifilly  predisposed  to  deposit 
concretions,  becatiae  it  not  only  abounds  in  saline  mutters 
but  contains  several  salts  which  are  very  far  from  being 
easily  soluble  ;  I  may  remind  you  of  the  urates,  the  oxalates, 
and — when  the  reaction  is  ouly  slightly  acid — the  earthy 
phosphates  also.  It  is  for  this  reason,  as  you  know,  that 
the  urine,  more  especially  if  concentrated,  deposits  when 
cooled  a  reddish  precipitate— the  so-called  utdrmenium  la* 
teritium — which  is  redissolved  on  warming,  and  cousiHts 
simply  of  urates  less  soluble  in  a  cold  than  in  a  warm 
medium,  more  espcciully  of  urate  of  soda.  Now  change 
of  temperature  is  not,  it  is  true,  a  factor  which  can  play 
ft  part  in  the  separation  of  concretions  within  the  urinary 
passages;  and  all  thoughts  too  of  a  precipitation  of  the  salts 
as  the  result  of  simple  crmcontriition  of  the  urine  in  the  uri- 
nary organs  must  here  be  more  decidedly  rejected  oven  than 
in  the  case  of  the  formation  of  biliary  concretions.  For  we 
know  nothing  whatever  of  the  occurrence  of  an  absorption 
of  water  alone  from  the  urinary  passages,  and  while  there  ia 
no  doubt  that  all  the  subatanoea  present  in  the  nrinary  con- 
cretions were  previously  constituents  of  the  urine  sixreted 
by  the  kidneys,  yet  more  or  less  profound  chemical  processes 
must  take  place,  in  order  that  these  substances  may  be  de- 
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poiiitod  from  tliolr  solution.      Daily  oxponeBCo  alflo  ioaatieS| 
however,  that  the  urine  forms  a  very  favorable  tnedium  for 
the  occurrence  of  such  processos.      Its  acid  reaction  osually 
increaseis  for  the  first  few  hours  after  being  passed,  aod 
if  the  sedimont  be  then  examined,  there  are  founds  instead 
of  urates  or  together  with  them,  crystals  oi.  free   uric   actd, 
occasionally  mixed  with  crystalline  oxalate  of  lime.     Thai 
no  conclusion  can  be  drawn  as  to  the  amount  of  urates  con* 
tained  in  the  urine,  from  the  crystalline  deposit  of  orio  aoid 
any  more  than  from  the  sedimentum  lateritium,  has  long 
been  known,  and  has  moreover  been  determined  by  Bartela^ 
by  numerous  comparative  quantitative  analyses ;  it  is  simply 
the  greater  acidity  of  the  urine  that  causes  the  uric  aoid   to 
separate  out  from  its  alkaline  combinations,  and,  since  it  is 
soluble  with   difficulty,  to  immediately  crystallise.      But   the 
effects  produced  in  the  urine  after  it  is  passed  by  this  so-called 
acid  femieniaiion  must  also  take  place  under  certain  oircnnt- 
stances  within  the  urinary  passages.     For  there  are  many 
persons  whose  urine  cont-ains  crystals  of  oric  acid  even  aiy 
the   time  of  itts  evacuation.      The    separation  of    CTjstala   is 
sometimes  so  slight  as  t'O  result  only  in  a  faint  cloudiness  of 
the  secretion  ;  at  other  times  their  number  is  so  great  that  tho 
urine  when  passed  throws  down  an  abundant  powdery  sedi- 
ment.    The  presence  of  these  crystalline   materials,  osually 
termed  renal  »and,  cannot  easily  be  productive  of  mischief^l 
since  the  granules  are  too  fine   to  be  arrested  in  any  part' 
uf  the  urinary  passages ;  but  larger  masses  are  very  often 
formed  in  the  pelvis  of  the  kidney,  some  of  which,  capable 
of  passing  without  much  difficulty  through  the  ureter,  are 
called  renal  ^roue/,  while  the  more  bulky  concretions  aro  do- 
nominated  renal  calculi.     The  latter  di^er  greatly  in  sise  ;j 
most  commonly  we  meet  with  examples  varying  between  the] 
dimensions  of  a  small  pea  and  a  bean,  yet   1   only  recently 
referred  to  the  large  coral-like  branched  calcnli,  which  form 
actual  cai^ts  of  the  pelvis  and  calices  and  almost  complct4*Iy 
fill  up  their  cavity.     But  however  striking  the  contraaL  may 
be,  there  are  no  real  chemical  differences  between  tho  reiwl 
sand,  renal  gravel,  and  renal  calculi  oE  this  kind.     For  they 
consist  solely  of  uric  acid,  mixed  at  most  with  a  few  nratos* 
•  DartcU.  *  DeutAch.  A.  t  khu.  McxU'  i,  p.  13. 
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All  these  concretions  are  hard  ;  they  are  also  coloured,  vary- 
ing in  shade  from  a  red  to  a  red-brown,  or  from  greenish- 
brown  to  bluck-brown ;  as  they  increase  in  size  their  colour 
nsaally  becomes  deeper.  la  the  smaller  concretions,  the 
fracture  is  mostly  cryBtalline  ;  in  tlu*  Inrprer  stones  it  is  nsnally 
stratitied,  and  at  the  same  time  very  dense,  often  strikingly 
reminding  one  of  timber ;  the  aarface  of  the  latter  is  generally 
smooth  and  even  or  slightly  undulating,  however  irregiilnr 
the  general  conformation  may  be.  We  are  unfortunately 
very  imperfectly  acquainted  with  the  conditions  under  which 
these  smaller  and  larger  concretions  originate,  despito  the 
numberless  chemical  investigations  which  have  been  directed 
for  a  great  many  years  to  this  point,  and  the  many  oppor- 
tunities which  present  themselves  for  observing  patients  with 
renal  concretions.  An  excessive  production  of  nric  acid  is 
no  more  responsible  in  the  great  majority  of  these  patients 
than  it  is  for  the  production  of  the  sedimentum  lateritium. 
One  thing  is  certain,  however, — that  uric  acid  concretions  can 
be  deposited  only  in  highly  add  urine.  But  if  we  are  required 
to  state  on  what  the  intensely  acid  reaction  of  the  urine 
depends,  our  position  becomes  one  of  groat  perplexity.  It 
was  natural  to  turn  Hrat  of  all  to  the  habits  of  the  patients, 
particularly  as  regards  diet;  hot  the  evidence  brought  for- 
ward for  this  connection  is,  if  possible,  still  less  trustworthy 
than  is  the  similar  evidence  as  regards  the  development  of 
gout,  llenal  concretions  occur  with  very  varying  frequency  in 
different  countries,  yet  each  has  its  fahl^  convenue  ;  in  one 
country  new  wine  is  accused,  in  another  the  excessive  oon- 
sumption  of  potatoes  and  other  amylaceous  foods  which  are 
supposed  to  give  rise  to  lactic  fermentation  in  the  alimentary 
canaL  Yet  it  is  unnecessary  to  dwell  on  any  of  these  assump- 
tions, the  more  so  as  it  is^  as  a  rule^  impossible  to  determine  in 
individual  cases  whether  the  urine  is  thus  acid  when  secreted 
by  the  kidneys,  or  whether  it  becomes  so  after  secretion  in 
consequence  of  a  kind  of  acid  fermentation,  occurring  in  the 
interior  of  the  urinary  passages. 

The  increased  acidity  of  the  nrine  does  not,  however,  ex- 
plain the  formation  of  the  larger  concretions.  In  particular  of 
the  uric  acid  stones.  In  fact,  many  persons  who  almost  con- 
stantly pass  more  or  less  large  quantities  of  renal  sund^  per- 
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manently  escape  the  formation  of  tme  urinary  calcoH,  while, 
on  the  other  handj  large  calculi  may  become  establi&hed  in 
the  pelvis  of  the  kidney  without  sand  or  gravel  ever  baring 
been   noticed  iu    the  urine ;    true,   there  is   also    a  large 
number  of  persons  in  whose  urinary  passages  concretions  of 
all  sizes  form.       As  to  the  causes  of  the  formation  of  the 
larger  uric  acid  concretions  and  stones  in  the  pelvis  of  toe 
kidney,  we  are  compelled  to  have  recourse  essentially  to  hypc- 
theais.     Assmuth*  attribntes  it  to  a  peculiar  crystalliEation 
of  the  uric  acidj  which  does  not  separate  out  in  the  ordinary 
form   of   rhombic  tablets  or   short  rhombic   prisms,   but  of 
long  columns   terminating   at   each   end   in  a  sharp   point ; 
what  determines  the  uric  acid  to  crystallize  in  this  way  be 
leaves  undecided,  though  he  claims  to  have  artificially  pro- 
duced these  crystals  by  strongly  acidulating  the  urine  with 
phosphoric  acid,  or  by  addiug  acid  phosphates.      It  is  lOQ^ 
since  it  was  first  pointed  out,  and   with  justice,  that  the 
presence  of  any  kind  of  foreign  body  in   the   pelvis  of  the 
kidney  roust  be  highly  favorable  to  the  precipitation  of  nrtc 
acid  or  urates,  and  that  euch  a  body  may  consequently  form 
the  nacleus  of  a  renal  calculus,  which,  if  it  be  not  soon  ex- 
pelled, will  continue  growing  through  ihe  addition  of  encoea- 
sive  layers  of  uric  acid.     Thus  Greisinger  found  in  Egypt  the 
eggs  of  distoma  forming  the  kernel  of  renal  stones,  and  simi- 
larly it  has  been  assnmod  that  the  nucleus  of  the  calculi  so 
commonly  occurring  in   children  consists  of  the   remains  of 
the  uric  acid  infarcts,  these  leading  to  farther  precipitation. 
Much  less  confidence  can  be  placed  in  the  idea  that  flakes  o€ 
mucus  in  a  pelvis  affected  with  catarrh  may  form  the  kernel 
of  a  renul  calculus  nioro  especially  in  old   people.      StUl  Uia 
nature  of  the  body  constituting  the  nucleus  is  probably  of! 
little  importance.      Whoever  believes  the  presence  of  a  firm 
or  soft  foreign  body  in  the  pelris  of  the  kidney  to  be  a  suffi- 
cient cause  for  the  gradual  development  of  a  large  Qrio  aei 
concretion  will  not  be  surprised  at  the  frequency  of  urii 
calculi.      For  to  say  nothing  of  hlood-clot.%  caBts,  and  ahrei 
of  epithelium^  you  will  remember  that  oil-drops,  b«ctvriay 
•  Aiuimiitli, '  Pcut^ih.  A.  t'  ,  ji.  397, 

t  Aoconltng  to  Kriickt!  (M  r  a.  KnlMehnns  d*  17 

I.-D..Jim»,  1879)111*  nucloua  of  tiio  ar»t«  o&Uuli  «ctaaUy«onfiftU«Ma 
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and  other  corpuscular  elements  circulating  in  the  blood  are 
excreted  from  the  kidneys  with  thenrine,  and,  of  course,  first 
enter  the  pelvis. 

Next  to  uric  acid,  which  supplies  by  far  the  largest  con- 
tingent to  the  renal  concretions,  oxalate  of  lime  ih  moat  fre- 
quently met  with  amongst  them  ;  as  regards  it,  I  have  already 
told  yon  that  its  crystals  are  not  rarely  found  together 
with  uric  acid  in  the  sediment  of  urine  undergoing  acid  fer- 
mentation. Siuce  the  oxalic  acid  of  humau  urine  is  probably 
only  exceptionally  derired  from  particular  constituents  of 
the  food,  and  is  usually  a  product  of  the  decomposition  of 
uric  acid,  its  occurrence  in  conjunction  with  the  latter  is  in- 
telligible enough  ;  and  if  you  consider,  moreover,  the  very 
slight  Bolnbility  of  the  calcic  salt,  which  is  the  only  compound 
of  oxalic  acid  occurring  in  the  unne,  it  will  not  appear  sur- 
prising that  the  envelope-like  octahedra  of  oxalate  of  lime 
are  so  often  precipitated  from  the  urine  together  with  uric 
acid  and  urates.  Tet  here  too  we  are  ignorant  of  the  actual 
conditions  under  the  influence  of  which  certain  individuals 
paaSi  at  intervals  or  even  continuously,  go  much  oxalate  of 
lime  in  the  criuc  that  one  may  speak  of  a  genuine  oxaluria^ 
while  in  others  the  process  goes  on  to  the  formation  of  large 
oxalic  concretions  in  the  pelvis  of  the  kidney.  These  stones 
are  exquisitely  tuberculated  on  the  surface,  and  are  hence 
also  named  mulherry  culcnlif  while  the  single  tubercles  are 
studded  over  with  points  and  spines,  with  the  result  that  the 
calculi  are  capable  of  violently  irritating  and  injuring  the 
mucous  membrane  of  the  urinary  passages.  Tliey  are  the 
hardest  of  all  stones,  and  are  usually  dark  greyish-brown  in 
colour,  with  a  dense,  often  radiating  star-like,  but  never 
laminated  fracture.  As  bearing  on  the  origin  of  the  oxalic 
concretions,  special  interest  attaches  to  the  comparatively 
common  stones  which  are  composed  of  alternate  layers  of 
oxalate  of  lime  and  uric  aoid.  Mulberry  calculi  also  occur 
with  a  nucleus  consisting  of  uric  acid,  and  conversely  a 
nucleus  of  oxalate  of  lime  has  often  been  found  in  uric  acid 
stones  :  indeed,  it  may  be  doubted  whether  microscopic 
crystals  of  oxalate  of  lime  do  not  much  oftener  form  the 
centre  of  uric  acid  stones  than  is  usually  supposed. 

Very  ninch  leas  common  than  the  forms  just  discussed  are 
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the  cystine  and  zanlhin-conoretione ;  of  their  origin  we  hardly 
know  anything  except  that  they  are  thrown  down  from  arid 
nrine.  We  are  better  informed,  on  the  other  hand,  as  regards 
the  concretions  which  form  in  slightly  acid^  neutral  or  alka- 
line urine.  Here  we  have  to  deal  esBentially  with  e't 
phosphates,  and  in  particular  with  basic  phosphate  of 
and  ammoniaco-magnesiau  phosphate.  The  great  tendency 
of  feebly  acid  urine  to  become  clouded  owing  to  a  separation 
of  phosphates  is  known  to  every  one.  On  a  former  occasion 
(vol.  ii^  p.  647]  I  called  attention  to  the  fact  that  the  cal- 
careous deposits  so  often  met  with  in  Bowman's  capsules,  the 
epithelium  of  the  convoluted  tabes,  and  in  the  open  collect- 
ing tubes  of  the  pyramids,  are  determined  by  the  deficient 
acidity  of  the  secreted  urine,  which   is  unable  to  C"  '•/ 

hold  the  earthy  salts  in  solution;  true,   it  is  pro  I-  A- 

necrosis  of  the  epithelium  or  some  similar  change  must  al9u> 
ttike  place  in  order  that  the  prpcipitati*d  earthy  phiji>['l 
nmy  adhere  to  and  encrust  the  parts  in  question.  Bui  • 
cretions  are  found  in  the  pelvis  of  the  kidney  also  which 
consist  of  phosphate  of  lime  or  amwoniaco-magnesian  phos- 
phate, or  of  a  mixture  of  both  these  substances.  Concretions 
composed  solely  of  these  bodies  are  very  rare,  it  is  true ;  but 
the  formation  of  a  suporiicial  lamina  of  earthy  phosphntcs  oa 
uric  acid  or  mulberry  stones  is  proportionately  frequent,  i,  e, 
the  phosphates  become  deposited  as  a  veewidary  stratum  upon 
the  primary  calculi.  The  priiicipal  seat  of  phosphatic 
calculi,  however^  is  the  urinary  bladder,  and  it  is  here  at 
any  rate  that  they  attain  their  greatest  dimensions. 

That  the  various  concretions  cau  separate  from  the  urine 
in  the  bladder  just  as  in  the  pelvis  of  the  kidney,  provtdtKl 
the  factors  determining  the  separation  are  present,  need  not 
be  mentioned  expressly.  Indeed,  the  circumstance  that  the 
urine  regularly  remains  in  the  bladder  at  any  rate  for  a  much 
longer  time  than  in  the  pelvis  of  the  kidney  must  favour  tbo 
deposition  of  sediments ;  and  one  mi^ht  be  inctiued  a  priori 
to  localise  the  place  of  origin  of  the  urinary  calculi  in  the 
bladder  rather  than  in  the  pelvis  of  the  kidneyi  were  it  not 
that  the  imp»ctiou  of  stonew  in  the  urotor  1       '  i    ;    'v 

dtitermined  by  clinical  (observation  and  the  <  y 

of  rviuil  calculi  by  pathologico-anatomical  oxaminatiou.    Am  a 
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rule,  it  will  be  difHcalt  to  make  out  wlietlier  the  uric  or  oxalic 
naclens  of  a  veaicnl  calculna  has  been  formed  in  the  bladder 
itself  or  hae  previously  existed  as  a  renal  sioce  ;  nor  does 
any  far-reach  in  17  interest  attach  to  this  point.  But  it  is  pos- 
sible to  Sivy  positively  that  a  atone  has  originatei]  in  the  urinary 
bladder  when  its  nucleus  is  formed  by  u  foreign  body  which 
cannot  ever  have  occapied  the  pelvis  of  the  kidney,  such  as 
the  broken  point  of  a  catheter  introduced  into  the  bladder 
or  a  silk  thread  which  had  slipped  into  it  from  a  vesico-vaginal 
suture.  Still  such  calculi  are  in  a  decided  minority  as  com- 
pared with  those  whose  nucleus  is  formed  like  that  of  the 
renal  stones.  Hence  all  that  baa  been  said  of  the  latter  ap- 
plies also  to  the  vesical  calculi,  except  that  these  may  become 
larger  than  the  renal  stones  and  that,  as  already  stated^  the 
earthy  phosphates  usually  participate  to  a  greater  extent  in 
their  growth.  This  will  happen  more  especially  in  the  pre- 
sence of  hypertrophy  of  the  prostate^  stricture  of  the  urothra, 
or  some  other  cause  which  gives  rise  to  stagnation  of  urine 
in  the  bladder.  That  the  urinary  stagnation  should  itself 
constitute  a  cause  of  st-one,  as  held  by  many,  is  of  course  out 
of  the  question,  while  it  cannot,  on  the  other  haud,  be  denied 
that  the  stagnation  is  decidedly  favorable  to  their  formation. 
Why  the  earthy  phosphates  participate  so  largely  iu  the 
growth  of  the  stones  is  also  perfectly  clear ;  the  cause  is  simply 
the  alkalinity  of  the  urine  which  so  commonly  develops  under 
these  circumstances.  It  is  not  the  presence  of  a  stone  or 
stones,  nor  is  it  the  retention  that  renders  the  urine  alkaline ; 
but  the  calculi  only  too  often  give  occasion  for  the  use  of  the 
catheter  or  sound,  while  if  the  stone  itself  does  not  call  for 
it,  the  retention  of  urine  does,  and  thus  the  alkaline  fermen- 
tation sooner,  or  later  sets  in.  From  this  time  forwards 
phosphate  of  lime  and  then  ammoniaco-magnesian  phosphate 
are  deposit-ed,  leading  to  the  formation  of  the  so-called  ;)Ao«- 
phatic  calculi,  nhxch  are  sometimes  so  voluminoaa,  and  which 
are  strikingly  distinguished  from  the  uric  acid  and  mulberry 
varieties  by  their  grey  to  greyish-white  colour  and  their  com- 
parative softness.  Those  more  especially  which  consit^t  chieily 
of  basic  phoBphat-oof  lime  are  soft,  their  fracture  earthy,  and 
their  surfnce  smooth,  as  a  rule;  tho  more  the  uninioniaco- 
magnesinn  phosphate  preponderates  the  more  crystalline  is  the 
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fracturej  while  the  surface  is  then  nsaally  rendered  nneTcn 
by  pectinate  or  dendritic  irregularities.      But  tin  -  re- 

tions  cannot  even  then  give  rise  to  sach  violent  in  -     or 

wound  the  mucous  membrane  of  the  bladder  so  readily,  aa  do 
more  especially  the  mulberry  stones  ;  and  if,  neverthelew,  tb© 
pbosphatic  atones  may  occasion  much  greater  suffering  than 
the  mulberry  or  nrio  acid  concretions,  this  is  doe  to  the 
cystitis  which,  you  are  aware,  develops  at  once  under  the 
influence  of  the  alkaline  fermentation  of  the  urine.  For  the 
rest,  if  the  urine  was  already  alkaline  when  the  Btone-fonti»- 
tion  in  the  bladder  began,  the  calculus  may  consist  excla- 
sivoly  of  phosphates  ;  on  the  other  hand,  should  the  physiciati 
succeed  in  removing  the  alkalinity  of  the  urine,  despite  the 
presence  of  the  concretion,  uric  acid  and  oxalate  of  lime  may 
be  thrown  down  upon  the  phosphatic  stone,  till  the  urine 
again  becomes  alkaline,  when  a  white  stratum  of  phosphates  is 
again  deposited  apou  the  coloured  layer. 

Although  we  have  repeatedly  considered  the  act  of  efSkcu* 
ation  of  thfi  urine  in  the  foregoing  discussion,  it  must  now  be 
further  briefly  dealt  with,  since  some  points  connected  with 
it  have  not  as  yet  been  referred  to.  That  tba  nriuo  docs  not 
at  once  leave  the  body  when  secreted  is  rendered  poesible 
solely  by  the  existence  of  the  receptacle  formed  by  the  urinary 
bladder  ;  hence  when  the  bladder  is  absent,  as  in  ectop{» 
vesica),  or  oven  when  abnormal  openings  are  present  in  it, 
the  evacuation  of  the  urine  ceafies  t-o  be  completely  under  tbe 
control  of  the  individual.  Of  the  abnormal  openings,  we  hare 
already  discussed  the  iWcal/'*/u/ai,  and  as  for  the  distreseio^ 
mulformation  just  mentioned,  it  not  nncommooly  aifords  its 
an  opportunity  of  convincing  ourselves  of  the  strength  of  the 
peristaltic  contractions  of  the  ureters,  by  which  the  urtno  tt 
Bometimes  during  active  secretion  discharged  in  jets  froi 
the  orifices  of  the  ureters. 

But  even   supposing   the  bladder  to   be  D'm 
and  that  none  but  the  phyeiological  openings  <  ^:»i- 

lar  evacuation  ia  not  thereby  guaranteed.  The  act  of  mictu- 
rition it*  anything  bnt  a  sir"  '  '  *  iry 
contractions  of  the  muscles  i  nd 
the   poasibilitiea   of  dorangemonta  are  many.      If    I   may 


a 
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remind  you  briefly  of  the  physiological  process,  it  is  tbe 
atimulntion  of  the  sensory  nerves  of  the  mucous  inembraue 
brought  about  by  the  gradual  filling  and  stretching  of  the' 
bladder  that  reflexly  initiates  the  contraction  of  the  de- 
trasor  muscle.  The  centre  for  this  reflex  has  been  incon- 
trovortibly  proved  by  Giannzzi*  and  especially  by  Goltzt 
to  lie  in  the  lumbar  region  of  the  cord,  the  nerves  en- 
gaged running  principally  in  the  bundles  of  the  third, 
fourth^  and  fifth  sacral.  When  the  firat  few  drops  of  urine 
enter  the  urethm,  we  become  aware  of  the  need  for  making 
water,  which  can  bo  controlled  for  a  time  by  voluntarily 
strengthening  the  contraction  of  the  sphincter  vesicie,  or  can 
be  yielded  to,  and  the  urine  permitted  to  escape.  In  the 
Utter  case  we  can  voluntarily  nssist  the  action  of  the  detrusor 
by  contraction  of  the  abdominal  muscles^  and  cau  reduce  the 
only  phy«iolugical  resistances  that  oppose  the  efflux  of  the 
nrine  from  the  bladder  by  voluntary  relaxation  of  the 
•phincters  ;  for  the  elasticity  of  the  prostate  and  of  the  tis- 
sues surrounding  the  urethra  hardly  constitutes  an  obstacle 
to  the  flow.  It  is  not  necessary,  it  is  true,  to  resort  to  the 
aid  of  the  abdominal  muscles  or  to  relax  the  sphincters 
in  order  to  empty  the  vigcus,  as  is  most  strilnngly  proved 
by  GoltK'fl  dog  with  the  cord  divided,  which,  in  spite  of 
the  complete  parulysin  of  the  hinder  part  of  the  body,  can 
puss  a  Htrong  stream  of  urine  and  perfectly  evacuate  the 
bladder. 

You  all  know  how  extremely  unequal  are  the  intcnmls  at 
which  different  individuals  micturate,  not  merely  owing  to 
the  different  quantities  of  nrine  produced,  bnt  bounuse  of 
the  unequal  capacity  of  the  bladder,  habit,  &c.  Some  per- 
sons do  not  empty  the  viseus  till  it  contAins  500  to  600  o«0. 
urine  or  more,  while  others  make  water  when  the  bladder  is 
hardly  hall'  or  even  a  tliird  so  full,  without  there  btnng  any- 
thing morbid  in  their  different  practices.  We  du  not  term 
the  condition  morbid  till  the  periods  at  which  the  urine  is 
passed  deviate  very  noticeably  from  these  physiological 
limits.  The  stimulation  of  the  sensory  nerves  of  the  bladder 
is  then  the  main  determining  factor.      Usually,  these  nerves 

*  Giuiutti,  *  RivUta  tcieRtifirs,'  i,  p.  41. 
t  GolU,  •  Pflttg.  A.;  Tui.  p.  474. 
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are  excited,  as  has  been  said,  by  tlie  stretching  of  the  blad- 
der-wall, and  where  the  organ  is  capacious  and  free  to  expand 
a  long  time  may  pass  before  the  stimulation  is  strong  enough 
to  initiate  a  contraction  of  the  detrusor.  But  if,  in  conse- 
quence of  a  gravid  uterus,  a  large  ovarian  tumour,  a  pro- 
lapse or  other  dislocation  of  the  pelvic  viscera,  it  is  made 
impossible  for  the  bladder  to  unfold  itself  and  expand,  the 
stimulation  of  the  sensory  vesical  nerves  will  take  place  so 
much  earlier  that  a  contraction  of  the  vesical  musculature 
and  therewith  the  need  for  micturition  ensues  even  when  the 
bladder  is  only  slightly  filled.  This  is,  if  possible,  still  more 
markedly  the  case  in  many  pathological  conditions  of  the 
interior  of  the  bladder  by  which  the  sensory  nerves  are  ab- 
normally stimulated.  Thus  the  frequent  desire  to  make  water 
is  one  of  the  most  constant  and  troublesome  symptoms  of 
cystitis,  of  all  ulcerative  processes  in  the  bladder,  of  moat  of 
the  tumours  occupying  it,  aud  is  especially  frequent  in  cases 
of  vesical  calculus.  A  nervous  hypersasthesia  of  the  bladder 
also  occurs,  and  may  lead  to  an  urgent  necessity  for  making 
water,  a  complete  tenesmus  ad  matulam,  when  the  bladder 
is  only  very  imperfectly  filled.  What  renders  all  these  cases 
the  more  painful  is  the  very  intense  suffering  which  so  com- 
monly accompanies  the  contraction  of  the  vesical  mnscnlatare 
and  discharge  of  the  urine. 

So  soon  as  the  detrusor  is  caused  to  contract,  the  empty- 
ing of  the  bladder  usually  follows  easily  and  rapidly,  becaase 
the  sphincters,  even  if  not  voluntarily  relaxed,  do  not  present 
any  resistance  that  cannot  readily  be  overcome  by  the  de- 
trusor. Yet  the  circumstances  are  not  always  so  favorable. 
In  the  first  place,  there  occur,  and  by  no  means  infrequently^ 
ttmic  contractiotis  of  the  mttscles  engaged  in  closing  ike  bladder 
and  urethra* — the  latter  only  in  the  male — which  though 
they  usually  pass  off  after  a  comparatively  short  time,  may 
yet  absolutely  prevent  the  discharge  of  urine  so  long  as  they 
continue  ;  a  still  commoner  impediment,  however,  is  pro- 
duced by  one  of  many  organic  conditions  impeding  the 
emptying  of  the  bladder.  I  lately  mentioned  those  most 
frequently  met  with  ;  they  are  vesical  calculi  obstmcting  the 
orijicium  internum  urethrte,  polypous  tumours  in  the  region 
*  Cf.  Esiuapch,  *  lAag«Db«ck*t  Archiv,*  zxit,  p.  589. 
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of  tlie  trigone,  iiimour»  of  the  prontate  and  covstririiomf  of  the 
VTr.lhra.  The  earliest  effects  of  these  impediments,  more 
eBpocially  of  the  pennanent  kinds,  are  identical  with  those 
obeerved  in  all  cavities  surrounded  by  musoular  walls — ciiTa- 
tation  of  the  urinary  bladder  and  hypertrophy  of  its  muscular 
coat.  Whether  both  these  develop  pari  patfint,  or  one  pre- 
ponderates over  the  other,  probably  depends  essentially  on  the 
nutrition  and  strength  of  the  individual  affected,  and,  in  the 
next  place,  on  the  degree  of  the  impediment  and  eBpecially 
the  time  occupied  in  its  development.  The  more  vigorous 
the  individual  and  the  lesH  hia  general  health  ia  disturbed, 
and,  further,  the  more  slowly  the  narrowing  has  arisen,  the 
more  certainly  may  we  expect  an  hypertrophy  of  the  vesical 
roascnlature.  The  resulting  condition  is  the  so-called  t;rW« 
a  colonn^,  in  which  the  muiicular  bands  project  into  the 
interior  of  the  cavity  like  huge  trahecuUB  camem,  while  the 
wall  uf  the  contracted  organ  may  meaHuro  as  much  as  2  cm. 
and  more.  Such  a  bladder  is  at  the  same  time  capable  of 
enormous  distension,  which  is  perhaps  facilitated  by  the  for- 
mation  in  places  having  little  muHcular  subntanc^?  of  Hrnaller 
or  larger  saccular  dilatations,  so-culled  divfrttrula.  But  these 
diverticula  are  also  found  in  bladders  which  are  merely  ex- 
tremely dilated  and  in  which  the  musculature  is  only  slightly 
hypertrophied.  Moreover,  should  the  obstacle  have  arisen 
with  absolute  suddenness,  as  e.  g.  when  a  stone  becomes  im- 
pacted in  the  urethra  itself,  the  wall  of  the  enormously  dis- 
tended bladder  may  be  reduced  to  the  thinness  of  paper. 
Naturally,  the  dilatations  accompanied  by  hypertrophy  are 
much  more  favorable  as  regards  the  function  of  the  bladder 
than  are  the  simple  dilatations.  For  although  in  the  former 
a  long  time  elapsea  between  the  single  evacaations,  and  the 
act  itself  is  extremely  tedious,  yet  the  affected  individuals 
sQCceod  in  completely  tviptying  the  bladder,  a  thing  which 
ia  hardly  possible  without  artificial  means  in  cases  of  pure 
dilatiitiou.  But  there  are  much  more  serious  disadvantages. 
For  the  less  the  bladder  itself  is  capable  of  overcoming  the 
bindrtknoe — and  its  power  to  do  this  is  directly  porportiooal  to 
theaircngtb  of  it«  muscular  wall — the  more  and  the  oftener  is 
the  tifle  of  the  catheter  indicated  and  the  greater  consequently 
the  danger  of  cystitis  and  pyelitis,      it  was   chiefly   theae 
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oases  I  had  in  mind  when  I  stated  that  urethral  stricti 
and  other  obstacles  to  the  emptying  of  the  bladder,  maj 
prove  iujurioua  to  the  reual  function  even  ;  for  if  the  bhidder 
is  not  in  a  position  to  overcome  the  impediment,  the  stagna- 
tion oE  urine  must  after  a  time  be  propagated  to  the  ureters 
and  pelves  of  the  kidneys,  with  the  result  that  6nallyal]  fur- 
ther flow  from  the  kidneys  ceases  and  the  calamitous  effects 
of  complete  anuria  set  in. 

To  produce  Tctentimi  of  urtfi^,  however,  it  is  not  indispen- 
sable that  abnormal  resistances  should  oppose  the  evacuation 
of  the  bladder,  since  the  same  functional  disturbance  must 
also  ensue  when,  the  resistances  remaining  perfectly  normal, 
the  contractu^  power  of  the  detnASor  w  inadequate  and  too 
feeble.  That  new  growths  of  the  bladder- wall  or  external 
adhesions  should  ever  be  attended  by  this  result,  is  scarcely  to 
be  expected,  for,  just  as  in  the  case  of  the  heart,  the  muscula- 
ture of  the  bladder  can  gradually  adapt  itself  to  these  impedi- 
ments, 60  that  while  the  evacuations  are  more  frequent  than 
natural,  they  are  completely  or  almost  completely  effected. 
But  Vkfeehle^iesgoi  the  muscular  wall  going  on  to  complete  para- 
lysis, may  develop  in  the  train  of  severe  acute,  and  especially 
chronic,  pyrexial  diseases  ;  and  it  has  also  been  repeatedly 
noticed  that  persons  who  have  for  a  long  time  voluntarily  re- 
sisted the  inclination  to  make  water  have  afterwards  been  un- 
able to  empty  the  bladder,  bec»use  tho  function  uf  the  dotroaor 
had  been  temporarily  destroyed  on  account  of  the  oxoeaaive 
distention.  Lastly,  the  extensive  domain  of  diHurhancs9  of 
innervation,  to  which  the  detrusor  extremely  often  falU  a 
prey,  have  also  to  be  considered  here. 

Everything  that  depresses  the  tone  and  contractile  energy 
of  the  sphincter  ve»iaB  must  of  course  have  precisely  the 
opposite  effect  of  dotrusor-paralysis, — that  is,  the  power  of 
retaining  the  urine  in  the  bladder  is  more  or  less  completely 
lost,  and  tnco7i/i7i«n/tct  urinm  is  the  result.  Owing  U)  chronto 
iuHammatory,  ulcerative  and  cicatricial  processes,  the  sphinctor 
may  be  in  great  part  destroyed,  und  the  urt-thra.,  mora  espe- 
cially in  the  female,  may  be  converted  into  an  actually  rigid 
canal.  Moreover,  in  consequence  of  artificial  dilatation  or 
of  severe  bruising  during  Libuur,  the  sphincter  may  become 
paralysed  for  a  longer  or  shorter  time.   And,  just  an  wiih  oilier 


4 


RKTBNnON    OF    DRINE.       ISCHnRIA    PARADOXA.       12G7 


miisclefl,  the  sphincter  is  liable  to  paralysis  from  over-exer- 
tion^ t.  e.  after  andaly  resisting  the  call  to  micturate.  Finally, 
this  muscle  is  oxtremely  often  the  seat  of  disturbances  of  in- 
nervation, from  its  most  slight  degrees,  as  tho  enuresis  noc- 
tunia  of  children  and  drunken  persons^  to  severe  and  persis- 
tent paralysis. 

In  themselves  these  conditions  appear  very  simple.  If 
the  detrusor  is  parulysed,  the  bladder  cannot  be  emptied  and 
reienlto  urinx  occurs ;  while  if  the  sphincter  is  paralysed, 
the  urine  flows  away  against  the  will  of  the  affected  indi- 
vidual, at  intervals  aad  in  quantities  which  depend  on  the 
completeness  of  the  paralysis  and  the  amoant  of  elastic  re- 
aiatance  of  the  prostate,  4a.  Again,  if  both  the  detrusor 
and  sphincter  are  pamlysed,  as  so  often  happens,  f .  g.  after 
long  resisting  the  call  to  micturate,  and  more  especially  in 
many  diseases  of  the  spinal  cord,  the  result  is  a  condition 
which  is  usually  termed  uchuria  yaradvxa,  i.  c.  retention 
together  with  incontinence ;  the  patient  cannot  regularly 
empty  the  over*filled  bladder,  while  the  urine  trickles  con- 
tinually, as  if  from  an  overflowing  vessel,  through  tho 
urethra.  At  the  sick-bed,  however,  tho  symptoms  met  with 
by  the  physician  are  by  no  means  always  so  clear.  In  the 
first  place,  the  patients  do  nob  always  present  themselves 
with  a  folly  developed  and  complete  paralysis,  and  if  the 
affection  of  the  spinal  cord  is  still  in  its  earliest  stages,  ihey 
8n£Fer,  not  from  retention,  but  from  a  certain  difficulty  in 
making  water  ;  the  urine  flows  very  slowly  in  a  small  stream, 
and  they  usually  seek  to  aid  its  expulsion  by  contraciiug 
the  abdominal  muscles  ;  or,  there  is  not  as  yet  any  incunti- 
nence,  yet  the  patients  have  not  the  sphincter  so  completely 
under  control  as  in  health,  and  must  at  once  respond  to  the 
call  to  make  water.  Much  more  interest  is  excited,  how- 
ever, by  the  manifold  modiflcations  of  these  disturbances 
which  are  occasioned  by  the  varying  seat  of  the  actual 
disease,  according  as  we  have  to  deal  with  an  affection  of 
the  peripheral  nerves  or  of  the  reflex  centre  in  the  lumbar  cord, 
or,  lastly,  with  a  focus  of  disease  above  the  lumbar  portion, 
by  which  the  connection  between  the  latter  and  tho  brain  is 
interrupted.  A  decision  in  individual  cases  may  often  then 
be  attended  by  great  diflSculties  ;  yet  the  principles  that 
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must  guide  one  may  be  clearly  defined.*  If  the  reflex  centre 
itself  lias  ceased  to  act,  or  all  the  motor  nerves  which  pass 
from  the  cord  to  the  bladder  have  lost  their  fanctional  power, 
the  inevitable  result  is  ischuria  paradoxa.  In  paralysis  of 
the  sensory  fibres  passing  from  the  bladder  to  the  cord,  the 
patients  are  not  conscious  of  the  need  for  making  water,  nor 
do  spontaneous  evacuations  occur ;  the  affected  individuals 
can,  however,  voluntarily  evacuate  the  bladder  from  time  to 
time,  by  the  action  of  the  abdominal  muscles,  relaxation  of 
the  sphincter,  and  central  excitation  of  the  motor  centre  in 
the  lumbar  cord.  In  focal  disease  of  the  medulla  above  the 
lumbar  region,  the  question  is,  whether  the  sensory  or  the 
motor  or  both  tracts  together  are  interrupted.  In  all  these 
cases,  there  occur  from  time  to  time  regular  and  energetic 
evacuations  of  the  bladder,  just  as  in  Goltz's  dogs  with  divided 
cord,  in  which  complete  retention  of  urine  occurs  only  daring 
the  first  few  days  after  the  operation,  and  is  owing  probably  to 
the  disturbance  of  the  lumbar  cord  in  consequence  of  the 
operation.  When  the  sensory  tracts  are  interrupted,  the 
evacuations  occur  unnoticed  by  the  patient,  and  without  any 
antecedent  feeling  of  need  ;  in  paralysis  of  the  motor  tracts, 
on  the  contrary,  the  feeling  is  present,  but  the  impending 
evacuation  cannot  be  prevented  by  contracting  the  sphincters; 
and  if,  lastly,  the  interruption  is  complete,  the  whole  act  is 
withdrawn  not  only  from  the  knowledge  but  from  the  control 
of  the  patient,  t 

*  Cf.  the  handbooks  of  diseases  of  the  spinal  oord,  and  A.  Erh,  in 
Ziemssen's  'Hand./  xi,  3,  p.  146. 

t  On  the  subject  of  this  chapter  compare  the  well-known  medical  and 
surgical  handbooks,  0.  g.  Ebsteln  in  Ziemssen's  *  Handbuch/  Konig,  Barde- 
leben,  Pitha-Billrotb,  Hiiter,  J^. 


CHAPTER  VI. 

CONSTITCTIONAL  KFKKOTft  OF  DISTUftBANOES  OF  THE   UBINABT 

OUOANS. 

Phyaiologicai  office  of  the  urinary  apparatus. — Excretion  of 
normal  urinary  con«Htfmnt»t  jHiisnna^  and  hiffiily  organiaed 
substances. —  Suyar, —  Fat. — Aibuviinuria, —  Quantity  of 
albumen  lo*t, — Compensation  by  increased  sujtply, — Hy- 
drmmia. — Its  cause  in  rcjial  diseaHv. — Effect  of  oliyuria  oi 
the  vatcT'Cont^nts  of  the  blood, — liydrxtnic  plethora, — Th^^ 
dropsy  of  renal  disease, — Bright* »  ea^lanation  of  the  dropsy 
by  tliF  hydricmia. — Bart^Vn  theory  of  trnter-retrtntion.-^' 
Lvcalufation  of  the  nephritic  wderna. — Explanaiioti  of  the 
nephritic  anasarca  as  due  to  a  diseased  condition  of  the 
skin. — Kjtplanation  of  the  ofdema  of  chronic  nephritis  by 
difturbanco  of  compcuaation  of  the  haart. — Characters  of 
the  renal  hydrops. 

Oth^r  morbid  phenomena  of  renal  disease, — Uratmia,— 
Its  dependence  on  a  diminuiion  of  the  urinary  excretion. — 
Experiments, — Accumulation  of  urinary  constituents  in  the 
boily. — Freric)ts*  ammonia-theory  of  ursemia. — 7Vaaie'# 
theory  of  an  oedema  of  the  fcrat'n. —27i«  urscmia  is  the  resul 
of  the  accumulatttm  of  urinary  constituents  in  the  blood. — 
The  nrsemic  symptoms  traced  to  their  causes. — Acutcness 
and  chronicity  of  the  nervous  symptumtt, —  Urtemic  divturh^ 
ances  of  the  digestive  process. — Hmmorrhages. — Retinitis 
albuminurica, — Tendency  in  persons  suffering  from  renal 
di»t'asv  to  iuflnm  mat  tons, —  Urwmic  irdema. 


Having  HQalysed  and  carefully  considered,  in  tho  foregoing 
cbapterH,  the  uature  and  conditious  of  the  various  disturb- 
ances of  fanctiou  of  the  urinary  apparatus,  wo  havo  now  to 
diftcusfl  the  effects  of  these  disturhances  upon  the  organism^ 
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Ton  ■«■:!]  Lot.  I  iLiiik.,  imag-iiie  iLai  it  is  iht  intention  to  give 
fell  a-ccc'urt  of  'he  svsiipKinaTC'i-iigT  of  ibe  varions  di&eases  of 
tilt  kidiirTG.  T'iadder.  ic.  Tiit  ^re  &ht.ll  ieare  altogether  to 
t;»^'.*:&]  yhxh:'^'. sj .  -^hich  ?i:i-plif5  fuJ  iiiivrmatioii  as  to 
■wLeiLer  cLe  -if  ihe  diseast-s  :l  qcesTion  is  accompanied  by 
pa:i. .:  a&  t-i'  T^e  c-'.i!d:tion  c:  xhe  kidaej  or  bladder  on  pby- 
h'.'Mi.'i  eiamii-a;:'.-!: :  at  i-o  whriLer  tnd  wtt-n  these  affections 
art  ats-ociai-ed  wiii.  i-Treriib.  and  the  :ike.  Ail  these  form  im- 
portaiii  and  wei^'Lir  pi-ints  in  the  diaenosis  and  clinical  esti- 
niativii  of  the  d:£rrfi.t  dis-easrE  id  these  c-rgans  :  bnt  with  the 
actnai  office  of  the  nrii.arnr  apijarains  ihev  hare  nothing  to 
do.  To  this,  naor'r.iid  rhTsiolctCT  cicst  rxclnsirelv  confine  it- 
aelf  ;  it  mu?x  he  our  bosiness,  therefore,  t-o  consider  whether, 
and  if  &o  in  wLai  direc-tion.  any  kind  o:  functional  disturb- 
ance prejudices  the  phTsioI'i-eical  ttfice  of  the  nrinair  organs, 
and  we  mast  funhrr  dt-Termine  what  inruences  are  exerted 
by  this  possibje  prejudice  upc»n  thr  orjranism. 

The  office  of  ti^e  nriiiarv  avptirati^s  is.  Ton  are  aware,  the 
ejF'Criii:'}M  if  x'ru  r.^  ■>i--jfiJ^-i\'U*^  tr.t^u  j-r.-iw-rj^  of  th€  m^iaholi-ttm 
from  the  Ikkij.  Tne  chief  iit;xrtaiic^  here  attaches  to  the 
final  prcKincts  of  the  oi:dat;on  of  proteids.  which  ]eare  the 
lK:»dy  aimo*:  eiclusivfiv  by  the  kidney^ :  in  the  next  place, 
the  f'lJu^jk  ^-.lii-P  and  the  ^rau-r  are  in  cnvatfSt  pan  removed 
by  thi!*  meaLs,  ^o  that  the  kidneys  n:ay  be  regarded  as  the 
most  impc»rtaiit  retf-u'ators  of  the  water-contents  of  the  organ- 
ism :  latiiy.  some  materials  which  have  more  or  leas  acci- 
dentaiiy  ei-tered  the  bi^y  are  expelled  frvm  it  with  the  urine. 
No  ctiher  substances  should  normaiiy  be  excreted  through 
the  uriuary  passages  :  and  1  desire  in  particalar  once  more 
to  expressly  emphasise  the  fact  ihat  only  the  nn<i I  products 
of  the  meiab«jlism,  but  no  kind  of  more  highly  organised 
materials,  should  be  discharsred  in  the  nnne.  Now  I  have 
repeatedly  cailed  attention  to  the  extreme  variations  which 
may  normally  occur  in  the  quantities  of  urea,  uric  acid,  water 
and  salts  excreted  in  twenty-four  hours,  nor  have  I  concealed 
from  you  that  mere  tiirjres  are  rcr  fa  absolutely  worthless. 
They  only  become  valuable  when  conu%ared  with  the  nitro- 
genous matters,  salts  and  water  imroduo<-d  into  the  indivi- 
dual's body  during  the  same  period  ;  and  if  such  a  compariaon 
be  made,  figures,  which  taken  alone  seemed  surprising  enough. 
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are  very  often  found  to  Ho  within  the  normal  limits.  Only 
when  the  excretion  of  the  oft-raentionod  substances  consider- 
ably exceeds  or  falls  short  of  the  values  which  are  iisnally 
fonnd  to  prevail  in  healthy  persons  living  on  the  same  diet, 
are  we  obliged  to  have  roconrse  to  some  kind  of  irregular 
process  in  the  organism.  But  we  may  in  the  case  of  the 
urinary  apparatus  go  a  step  further.  We  need  not  hesitate 
to  declare  that  the  cjcretion  of  th^t  normal  ttrintiry  c<ww<i- 
tuantSj  however  greatly  increased,  ean  never  involve  a  loaa  to 
the  organism.  It  is  certainly  not  without  significance  thai 
the  urine  in  pyrexia  contains  more  urea,  in  leukaamia  more 
uric  acid,  than  shonld  be  the  case  considering  the  diet  of  the 
patients  in  question  ;  moreover,  the  abundance  of  urea  con- 
tained in  the  urine  of  acute  phosphorus  poisoning,  and  its 
richness  in  lime  in  multiple  caries  of  bone^  are  assnredly 
noteworthy  indications  of  the  occurrence  of  morbid  processes 
in  the  body ;  but  the  abnormaUy  tncrfijsed  er-rr^tion  of  thene 
tmhatanceji  in  not  the  morbid  J  (ic  tor.  These  bodies  are  excreted 
in  excessive  quantities  simply  becAuse  they  are  present  in  ex- 
cess in  the  juices  of  the  body,  and  their  removal  from  h, 
instead  of  being  a  loss  to  the  organism^  constitutes,  aa  yon  will 
presently  hear,  a  valuable  service,  since  it  is  hardly  poesible 
that  the  body  could  have  made  nae  of  the  urea,  uric  acid,  and 
salts.  At  moat  as  regards  the  water,  it  might  be  questioned 
whether  a  very  marked  increaee  of  the  urine  will  not  prove 
injurious  to  the  organism  by  abuormally  reducing  its  water- 
contents.  This  of  course  does  not  apply  to  the  jmlyoria  of 
the  beer-drinker  or  of  persons  suffering  from  glycosuria ;  for 
it,  you  know,  depends  solely  on  the  increased  snpply  of  water 
to  the  body.  But  the  question  is  apparently  juslilied  in  those 
cases  of  diabetes  insipidoa,  with  respect  to  which  I  attempted 
to  establish  a  probability  that  they  are  due  to  active  conges- 
tion of  the  kidneys  (vol.  iii,  p.  1 140),  when  the  polyuria  would 
consequently  be  primary.  As  a  matter  of  fact,  it  has  been 
thought  that  the  frequency  with  which  the  diabetic  are 
attacked  by  caseouB  pneumonia  and  other  iaflainmations  lead- 
ing to  caseation,  should  be  connected  with  the  great  loss  of 
water  thro\igh  the  kidneyn^  and  that  the  proximate  cause  of 
the  rasiMition  is  the  tendency,  owing  to  the  loss  of  water^  of 
any  chance  indammatory  iniiltrations  and  exudationa  to  be- 
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oomo  dry  and  in.Hpissatcd  :  an  interpretation  wliiob,  it  i«  kmo, 
depends  on  an  erroneous  couception  of  the  procesa  of  casea- 
tion. Not  only,  however^  is  the  dependence  of  the  casoooa 
process  od  the  polyuria  antenable^  but  the  loss  of  water  ia 
attended  by  no  pathologica]  results  wlmtever,  since  tfao  or- 
ganisiHj  warned  by  the  scn»aLion  of  thirst,  always  replaces 
the  water  withdrawn  from  the  blood  tlirough  the  ariae  by  a 
corresponding  supply.  Did  the  supply  cease,  or  were  a  patient 
Boffcring  from  polyuria  deprived  of  water,  a  certaiu  degree 
of  anhydrasmia  would  certainly  be  the  inevitable  restdt.  Yet 
we  may  reasonably  doubt  whether  it  would  ever  attain  Uie 
same  degree  of  severity  as  in  cholera ;  for  when  the  waUns 
contents  of  the  blood  have  fallen  perceptibly  below  the  nonaaly 
even  a  strong  arterial  congestion  can  hardly  give  rise  to  a 
profuse  secretion  of  urine :  the  polyuria  would  in  a  sense  pat 
an  end  to  itself. 

But  the  excretion  of  ahiiormal  urinary  constituents  is  a 
different  matter.  Not  that  it  always  results  in  a  loss  to  the 
organism  I  On  the  contrary,  when  foreign  substances  bare 
accidentally  entered  the  body,  their  removal  is  in  every  way 
desirable^  especially  if  they  are  of  a  poisonous  nature  ;  and 
it  also  appears  a  most  beneficial  arrangement,  even  despite 
the  resulting  loss  of  highly  organised  substances,  that  the 
body  can  free  itself  in  the  urine  of  biliary  constituents  which 
have  entered  the  blood  and  of  heemoglobin  set  free  in  it. 
An  actual  loss  to  the  organism  can  accrue  only  through  the 
excretion  of  substances  which  might  be  utilised  for  bisto- 
genetio  purposes  or  for  other  activities  and  functions, — ^in 
particular,  therefore,  of  substances  which  are  usually  included 
amongst  the  conRtituonts  of  our  food.  In  this  respect  it  ia 
of  some  interest  that  in  various  pathological  processes,  mate- 
rials from  tho  three  chief  categories  of  our  food-stuffs  are 
excreted  in  the  urine  ;  ttugar  in  diabetes  mellitus,  fat  in 
cbylnria,  and  albumen  in  all  variotiea  of  albuminuria.  Yet^ 
though  the  excretion  of  any  of  tT  '  ^     btedly 

involves  a  loss  to  the  organisnij  n  .  oasiljr 

be  accurately  defined  and  estimated,  In  the  case  of  sngar, 
the  difficulty  arises  from  our  ignorance  of  tho  pnrpose  to 
which  it  is  applied,  and  of  tht-  manner  in  which  it  is  tt»ed 
up  by  tho  organism.     In  one  respect^  on  the  other  hand^  ihia 
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question  is  simplified  by  the  fact  that  the  abnormal  loss  can- 
not be  made  good  by  a  corresponding  abnormally  large  con- 
Bomption  of  sagar  or  of  such  carbohydrates  as  are  converted 
into  sagar  in  the  organism ;  for  it  is,  as  yoa  will  remember^ 
a  peculiarity  of  the  diabetic  patient  that  ho  is  quite  unablo 
to  assimilate  sugar  or  cannot  do  so  in  sufficient  quantities^ 
BO  that  an  increased  supply  of  carbohydrates  is  attended 
simply  by  an  augmented  excretion  of  sugar  in  the  urine. 
To  a  certain  extent  the  same  thing  occurs  in  chyluria  ;  at 
any  rate,  it  is  expressly  stated  of  some  cases  of  chyloua 
urine,  that  the  quantity  of  fat  was  greatest  some  little  time 
after  a  meal.  Yet  that  any  great  importance  attaches  to 
this  loss  of  fat  is  altogether  out  of  the  question.  The  quan- 
tity evacuated  in  the  chylous  urine  never  amounts  to  more 
than  a  few  grams  in  the  twenty-four  hours, — a  quantity,  that 
18;  which  is  quite  insignificant  when  contrasted  with  the  fat- 
supply.  The  fact  that  the  chyluria  can  be  borne  for  many 
years  and  deca^les  without  any  impairment  of  the  general 
health  and  nutrition  shows  clearly  enough  the  absolute  nn* 
importance  of  these  losses  of  fat,  which,  for  the  rest,  owin^ 
to  the  great  rarity  of  chyluria  in  Europe,  can  scarcely  have 
any  practical  interest  for  us.  That  excited  by  albuminuria 
will  be  proportionately  greater. 

Few  morbid  symptoms  have  such  a  bad  reputation  and  are 
so  dreaded  both  by  the  public  and  by  physicians  &s  albumin- 
uria, bohind  which  constantly  lurks,  in  the  imagination  of 
most,  the  bugbears  of  anaomia  and  hydraemia  with  dropsy  and 
the  other  attendant  consequences.  It  was  long  enough  be- 
fore even  the  unimportance  of  the  transitory  albuminuria 
occurring  in  fever  and  so  many  other  conditions  was  recog- 
nised, and  the  necessity  for  considering  the  quantitative  rela- 
tions was  perceived.  Fur  since  albumen  is  not  possessed  of 
any  peculiar  mystical  properties,  it  must  obviously  make  a 
great  difference  whether  the  daily  loss  does  not  exceed  one 
or  two  grams  or  whether  the  amount  evacuated  is  ten  times, 
as  great.  Wo  are  not,  it  is  true,  so  well  acquainted  as  could' 
be  wished  with  the  physiological  history  and  significance  of 
the  albuminous  substances  of  thu  blood-serum  ;  still  there 
be  no  doubt  that  they,  like  other  bodies,  are  incessantly  usedi 
up  in  the  metabolism  of  the  organism  and  are  no  less  inces- 
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santly  replaced.  If  this  be  so,  bowerer,  it  is  apparent  that  in 
judging  of  the  consequences  of  albnminnria  we  mnflt  also 
take  into  confiidoratiou  the  albumen-sapply  ;  or,  in  other 
words,  abnormal  losses  of  albnmen  can  onlj  produce  an 
impoverislimont  of  tbe  blood  in  this  substance,  when  the 
body  fails  to  make  good  the  loss  by  increasing  the  supply. 
Women  who  nurse  their  infants  lose  very  large  quantities  of 
albumen  in  the  milk,  day  after  day,  for  months  together; 
and  yet  everyone  knowH  that  if  they  are  healthy  in  other 
respects,  and  their  diet  is  soitable  and  nutritious,  so  far 
from  growing  debilitated,  they  increase  considerably  in 
iveight  during  the  period  of  lactation  and  may  acquire  a 
roundness  of  form  which  they  previously  did  not  possess. 
Should  you,  however,  raise  as  an  objection — one  inadmissihle 
in  principle — to  the  force  of  this  illustration,  that  we  have 
in  this  case  to  deal  with  a  glandular  secretion  and  not  with 
a  direct  loss  of  albumen  from  the  blood-serunij  it  must  bo 
admitted  that  it  is  no  easy  matter  to  adduce  perfectly  appo- 
site examples  from  pathology,  since  the  albuminoos  loss  ia 
then  associated,  as  a  rule,  with  other  disturbances  which 
more  or  less  impair  the  general  health  of  the  patients.  Thus, 
in  dysentery  absorption  is  invariably  interfered  with,  while 
the  inflammatory  exudations  into  the  serous  cavities  are  always 
accompanied  by  pyrexia  ;  on  the  other  hand,  in  the  apyrezial 
blenorrhoeas  of  the  urethra  and  vagina,  the  daily  loss  of 
albumen  ia  much  too  slight  to  deserve  attention  as  snch. 
Large  wounds,  such,  for  example,  as  granulating  amputa* 
tion*  or  resection-wounds,  may  certainly  be  utilized  for  oar 
purpose ;  it  is  nothing  extraordinary  for  such  wounds  to 
produce  every  twenty-four  hours  for  several  weeks  together 
OS  much  as  120  to  150  c.c.  of  pus  or  even  more,  which  in* 
volves — counting  the  albumen-contents  of  pus  at  7  per  cent. 
— a  daily  loss  of  eight  to  ten  grams  of  dry  albnmen  ;  and 
yet,  in  spite  of  these  certainly  not  insignificant  losses,  tho 
nutrition  of  such  patients,  if  they  are  carefully  tended,  does 
not  suffer  in  the  least.  But  by  far  the  most  striking 
example  is  presenti^d  by  the  urinary  apparatus  itself.  In 
chyluria,  I  just  now  stated,  the  general  health  of  (  m  ~  -^l 
individuals  remains  abaolntely  unprejudiced,  altr  .^,  :,ir 
years  the  orino  contains,  in  addition  to  the  fst^  quatttiti«s  of 
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albnmen  amounting  to  from  three  to  four  pro  mille  and  moroi 
so  that  about  aix  grama  of  albumen  are  daily  withdrawn  in 
this  way  from  the  body.  Among  the  commoner  renal  diseas 
also,  there  is  one  form  which  is  ¥ery  well  adapted  to  deprivi 
albuminuria  of  its  character  for  danger;  I  mean  the  cot^t] 
traded  kidney,  whore,  though  the  percentage^  albumcu-con- 
tents  of  the  urine  are  wont  to  be  very  small,  the  lossof  albumeii< 
during  twenty-four  hours  is  often  as  much  as  from  six  to 
eight  grams,  owing  to  the  considerable  increase  in  volume 
of  the  secretion.  And  yet  every  physician  and  pathological 
anatomist  knows  that  persons  with  contracted  kidneys  cat^i 
to  the  ond  maintain  their  strength  and  remain  in  an  excel- 
lent state  of  nutrition  despite  the  many  years^  duration  of 
their  illness. 

But  although  it  is  accordingly  unquestionable  that  the 
lota  of  large  quantities  of  albumen  can  bu  fully  compensated 
by  4  corresponding  increase  in  the  albumen-supply,  it  is  noi 
to  bo  denied  that,  during  the  course  of  sume  renal  diseases 
accompanied  by  albaminuriaj  the  blood  not  uncommouly  be- 
comes markedly  hydrcemio.  I  told  you,  indeed,  on  a  former] 
occasion  (vol.  i,  p.  452),  that  in  hurdly  any  other  disease  is 
the  water  of  the  blood  so  increased,  and  stated  that  a  reduc* 
tion  of  the  albuminous  contents  of  the  blood-serum  to  almost 
half  the  normal,  and  a  lowering  of  its  specific  gravity  from 
alK}ut  1030  to  1016  or  even  1013  have  been  repeatedly  ob- 
served. Such  extreme  degrees  of  hydriemia  are  only  imper- 
fectly explained  by  the  loss  of  albumen  with  the  urine.  It 
is  certainly  true  that  its  albumen-contents,  especially  in*  amy- 
loid nephritis,  may  sometimes  amount  to  4  per  cent,  or  more  ; 
yet  these  cases  are  quite  exceptional,  and  even  then  this  enor- 
mous loss  of  albumen  in  the  urine  never  persists  long.  In 
the  very  great  majority  of  instances  of  chronic  ha^morrhagic 
nephritis  and  even  of  waxy  kidney,  the  albumen  of  the  urine 
docs  not  exceed  2  per  cent.,  and  often  falls  short  of  this,  es- 
pecially when  the  excretion  is  rather  profuse.  For  in  dis- 
cussing this  question,  it  is  most  important  to  bear  in  miud 
that  wheu  tite  urine  is  very  rich  in  albumen  its  volume -U  very 
conteid<:rahhj  d%minij*hed.  If  in  twenty-four  hours  the  total 
amount  of  urine  containing  4  per  cent,  albumen  be  not  more 
than  200  C.C.J  the  absolute  toss  is  uoi  excessively  great;  and 
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if — as  shonld  be  done  before  forming  an  opinion  as  to  the 
importance  of  tbealbaminaria — jon  calculate  the  daily  yalaes 
of  tbe  albuminous  loss  in  cases  of  cbrouic  nephritis,  jou  may 
exceptionally  meet  with  quantities  of  from  14  to  x  6  grams, 
but,  as  a  rale,  with  not  more  than  8  to  10  or  at  most  12 
grams  per  diem.  But  these  values  obviously  do  not  differ 
so  greatly  from  those  above  quoted  as  to  render  it  impos- 
sible for  the  otherwise  healthy  organism  to  compensate  the 
loss.  Hence,  it  is  a  natural  conclusion  that  the  functional 
power  of  the  body  must  in  these  cases  be  impaired  in  some 
other  respect ;  or  in  other  words,  that  the  albuminuria  only 
leads  to  hydrsemia  when  the  organism  is  incapable  of  assifni- 
lating  the  amount  of  albumen  necessary  to  cover  both  thephysto- 
logieal  waste  and  the  abnormal  losses.  This  supposition  is, 
in  truth,  very  strikingly  applicable  to  the  nephritic.  Fop 
even  those  patients  who  are  in  a  position  to  increase  as  much 
as  they  desire  their  albuminous  food,  are  soon  prevented  by 
their  disease  from  assimilating  the  albumen  partaken  of.  7oa 
will  presently  hear  that  serious  digestive  disturbances  regu- 
larly set  in  as  the  result  of  the  retention  of  the  urinary  con- 
stituents in  the  organism,  disturbances  which  of  themselves 
would  suffice  to  greatly  impair  nutrition.  In  patients  suffer- 
ing from  the  large  waxy  or  butter-kidney,  general  nutrition 
is  still  further  prejudiced  by  tbe  effects  of  the  amyloid  de- 
generation, which  involves  the  spleen,  liver,  intestines — ^in 
short,  so  many  important  organs ;  and  it  is,  therefore,  intel- 
ligible that  precisely  these  patients  should  present  the  most 
extreme  degrees  of  hydraemia. 

Another  factor  has  by  many  been  regarded  as  an  addi- 
tional cause  of  the  hydraBmic  condition  of  the  blood  in  ne- 
phritis, namely,  the  retention  of  water  in  it.  If  it  has  been 
chiefly  the  clinician  who  has  attached  considerable  significance 
to  this  relationship,  he  is  no  doubt  supported  by  the  fact 
that  marked  hydrssmia  always  develops  in  the  course  of  those 
renal  inflammations  in  which  the  urinary  secretion  is  essen- 
tially diminished.  It  is  true  that  these  are  per  se  the  most 
severe  cases,  in  which,  owing  to  the  insufficient  excretion  of 
the  urinary  constituents,  the  setting  in  of  digestive  disturb- 
ances occurs  earliest :  still  it  is  undeniable  that  the  excretion 
itf  no  other  urinary  constituent  is  so  reduced  as  is  the  water 
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of  the  nrine.      But  however  simple  the  entire  connection  be- 
tween oliguria,  water-retention  and   hydra^mia  nrny   appear 
at  first  sight,  the  necessity  of  the  connection  is  very  far  from 
having  been  actually  proved.     The  believer  in  this  doctrine 
neglects  above  all  the  manifold  regulative  capabilities  of  the 
organiani.      Were  the  quantity  of  water  which  is  introduced 
into  the  body  and  produced  by  its  metabolism  in  the  twenty- 
foar  hours,  conHtant ;  and  were  the  amount  of  water  excreted 
by  the  skin,  iunga,  intestine — in  all  ways,  in  fact,  except  by 
the  kidneyH — unchangeable;  theeffectof  a  reduction  of  volume 
of  the  urine  on  the  water  of  the  blood  could  be  easily  and 
definitely  determined.      But  thetie  are  figures  which  are  in- 
cessantly liable  to  the  greatest   variations.      Thus,  a  very 
Biuiple  means  of  keeping  the  dilution   of  tho  blood   within 
certain  bounds,  when  the  urinary  excretion  is  reduced,  la  tho 
restriction  of  tho  supply  of  fluids  to  the  body.      Just  as  a 
patient  with   diabetes  insipidus  or  even  with  polyuria  due  to 
ooutractod   kidney  drinks  copiously  in  oider  to  make  good 
tho  great  loss  of  water,  so  a  person  from  whose   blood  little 
water  is  withdrawn  by  the  urinary  accretion   will   take  only 
small  quantities  of  liquids,  owing  to  the  slight  degree  or  ab- 
sence of  thirst.      True,  tho  quantity  of   water  ctiiitaiued   in 
our  foods  and   produced   by    the   metubolic    procetisea  is  so 
great  that  complelo  compensation  of  extreme  oliguria  solely 
by  abstaining  from  drinking  is  inconceivable.      Hero,  how- 
ever, the  second  means  of  relieving  tho  blood  of  its  super- 
fluous water  may  be  resorted  to,  namely  increase  of  the  extra- 
renal water-excretion-     Tho  loss  by  tho  skin  is  augmented 
even  in  persons  with  perfectly  hoalthy  and  functionally  catv- 
able   kidneys,  so  that   under  certain  circumstances,  e,  </.  on 
vigorous  muscular  exertion  or  in  a  warm  atmosphere,  the 
water-excretion  is  many  times  greater  than   when  tho  air  is 
cold  and  the  body  at  rest ;  and  I  need  hardly  call  attention 
to  the  great  difference  in  the  loattof  water  from  the  iotestines 
where  the  motions  are  hard  aud  retarded  as  coutrastod  with 
profuse  and  frequent  diarrhuja.      But  that  these   means  are 
really  resorted  to  by  the  organism  where  there  is  an  excoBstve 
accumulation  of  water  in  the  blood,  we  have  already  succeeded 
in  establishing  by  means  of  experiment  (vol.  i,  p.  459^  ct  ^eq,). 
Yon  remember  that  in  dogs,  in  which  wo  had  produced  a 
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LTdraemic  plethora  "t'v  ihe  tTansfiifdoD  of  large  qnantitdes  of 
-weak  skh-si'JuTic'H,  ii-zA  cnlv  vrns  tii€*  urinarr,  but  all  other 
Biecreric'iis- — saiira..  castnc  ^cic-e.  s-dccus  eui^ricus,  bile  and 
evrii  phiiCTtiatic  ;cic-r — iircrfased,  ^iiie  isKvaer.  another  later, 
iriiL  TaTTii^  df-p-ees  oi  T-r-.fusk'n  atd  "w-iihont  anj  definite 
order  C'i  s-jcc'esia*;-!!.  &■:>  iLai  rerr  t.r;fi:se  saLTation  sometimes 
prc»oeded  all  ezcret  c>n  oj  nriiir.  wLile  at  otLrr  times  the  bladder 
ttas  repeaT<ediv  empTied  during  the  extterituenty  before  any 
Balira  had  £c'Wii  from  tbtr  ja^vrs.  No  less  dearlr  are  we  Langht 
brihfrCc>mmoiJTCK?^orr:nir  profuse  diarrhceA  oi  serere  Bright's 
disease  tLai  ihe  inties-Tiiies  pilar  a  mucb  more  iiDpc>rtant  part 
in  the  excretion  of  water  bere  than  in  health.  But  in  order 
to  be  itirriecxlv  cjear  as  to  Low  tht-  c-rcarism  behaves  in  pre- 
sence oi  a  hyd^Srm^c  pleitc'ra  due  to  the  retention  of  water, 
it  15  necessarr  alicre  all  tc  know  how  tLe  excretion  of  wat-er 
thr'-'uchti-;-  *k:ii  is-  inf  Jrnced  in  iheni  cases.  TTnforr-nnately, 
h.'weror,  we  Lare  no  i-rrtain  mi;an*  -.i  f ormicir  an  opinion  on 
tkis  pC'iLT.  ExT»tr.iiiei.Tt  on  an^maU  are  bere  of  little  nse, 
ginc^r  IT  woLJd  l»t-  citarlv  imprcp^r  t-.  Cirecilv  infer  from  the 
akin  c-f  tbe  arimaif  '.'rdinarf'T  exin  rinjenied  npon,  with  its 
thick  C'^Trriiic  c-  bair.  lo  tie  fek;i-  i-f  human  beings;  and 
a^  u*  tiie  nianner  :n  wbit-b  the  txcTt-riii:  of  water  bv  the 
Lumiiij  i-kiE  r£»iiftp  lo  a  pr.niar}  iiniiiADi.ii  (.>:  the  renal  i<ecrt^ 
li'.'L.  ibtre  fii>i.  s.-  ii^T  a^  1  ku-.w.  u-.-  ji:vestigaiions  that 
micti  st-rre  c-ur  T'trpc»se.  Wh:je  all  tbes»e  circnmstajQces 
greailr  -.ncrehse  the  diffimlrv  c>i  ::'nnir.c  a  certain  opinion  aa 
\':<  wbetb^r  wr  have  lo  ot-al  in  r«'pLr:*Js  aocc»mpanied  bv  oli- 
guna.  w:tl  >:z..y  a  s;n.ii]i-.  ni^-Ti-  vt  Iff^!-  severe,  hvdr»mia,  or 
Wilt  a  trdriemia  m  wLA-^h  tbt  lij>id-n';:i>s-  is  a,i  tbe  same  time 
iiiCTt'asec.  iLr  r.iiosih  r.  is  ni^doroa  >i;/.  more  iniricate  bv 
tif  vtrv  frequii.1  \*cc-Lmz)Cv  ::\  }tfjTii:i&  ti  ibis  category  of 
aiioiber  con".p:K'iiTKT-  wbirb  is  imiiiiTilj  c^iicciated  to obscnre 
tbe  abcnie  and  exi-barge  of  ibe  wauT. — 1  refer  to  dropn^. 

How  intimate  is-  tbe  reiaiKT.  beTwetn  r*i:iai  afeciions  and 
dropsv  is  a  fact  so  ran.;l;ar  <vtr.  lo  U'i  la: ly  thai  it  wcrnld  be 
nnnecessarv  »•:■  dwti.  or*  ;i  bere.  rvtr.  it  we  hbd  not  alreadv 
dc-ne  SC'  m  ibr  cbapifT  or.  b_Tdr«n-.iA..  Thai  bvdrops  is  one 
ci  tbe  sviTipK -ms  most  cou:m4>n]v  a.ris:7.c  ir.  the  «»nrse  of  ne- 
phritis, all  observers  are  cnanimouslv  agn>ed  since  Bright 
first  recogni:ft''d  iht-  oonnec^iion  :  tbe  nature  of  the  relataonshm 
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is  the  only  point  still  admitting  of  discassion.  Bright  him- 
self made  the  hydrffitniu.  the  centre  link  in  the  chiiin  ;  the 
albuminuria  he  regarded  as  the  cause  of  this,  and  the  dropsy 
as  its  consequence.  Now,  it  is  of  ouurse  quite  true,  as  we 
have  ourselves  recently  stated,  that  considerable  losses  of  albu- 
men in  the  urine  matit  gradually  render  the  blood  liydra3micj 
if  not  compensated  by  a  correspondingly  increased  supply ; 
and  in  evidence  of  this  I  have  been  able  to  quote  figures, 
showing  how  extreme  may  be  the  degree  of  hydrasmia  in  ne- 
phritis. But  this  is  not  enough  to  establish  Bright'a  con- 
clusion. For  though  it  has  been  claimed  that  diluted  blood 
will  more  readily  transude  through  the  capillaries  than  undi- 
luted, this  is  nevertheless  incorrect.  Ou  the  contrary,  I  have 
repeatedly  drawn  your  attention  to  the  fact  (vol.  i,  pp.  454, 
519)  that  a  very  weak  solution  of  albumen  or  extremely 
diluted  blood  may  be  conducted  through  the  vessels  of  a 
rabbit's  ear  without  any  increase  of  the  lymph-stream  or  a 
vestige  of  a-dema,  and  you  have  yourselves  been  witnesses 
that  a  dog,  iu  which  almost  half  the  blood-mass  has  been  re- 
placed by  an  etpml  or  even  greater  volume  of  "5  per  cent. 
aalt-Holution,  never  displays  even  an  indication  of  oedema. 
But  should  anyone  consider  that  these  results  drawn  from  tho 
dog  and  rabbit  are  not  HuiBciontly  ctrnvineiug,  1  would  nsk 
Lim  whether  he  lian  over,  iu  the  abseneoof  couiplicatiuns,  ob- 
served in  the  subjects  of  exquisite  hydrsemia  due  either  to 
repeated  heemorrhages  or  to  sanguinco^purulent  secretioud  and 
the  like,  such  (edema  as  may  in  acute  nephritis  develop  iu 
tlie  course  of  a  few  days  ?  These  cases  of  acute  nephritis  are 
invariably  associated  with  a  very  considenJ>le  reduction  in 
volume  of  the  urine,  and  even  if  the  alliutnen-coutents  amount 
to  mora  than  2  per  cent.,  the  total  absolute  loss  during  the 
few  days  will  at  most  be  20  to  24  grams — an  amount  not 
greater  than  that  contained  as  serum-albumen  in  a  pound  of 
blood  removed  by  venesection,  to  say  nothing  whatever  of 
the  blood-corpuscles.  And  such  a  loss  of  albumen  which 
has  almost  no  effect  on  a  healthy  man,  and  as  the  result  of 
which  certainly  not  a  drop  of  fluid  is  poured  out  into  the 
subcutaneous  adipose  tissue,  is  assert-ed  to  bo  sufficient  to 
render  a  patient  sutlering  from  nephritis  extremely  hydrasmio 
and  to  lead  to  the  development  of  a  general  cjcdema! 
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Influenced  by  similar  considerations,  Bartels'*'  more  espe- 
cially has  endeavoured  to  substitute  for  the  bydrsdmic  theory 
another  hypothesis^  according  to  which  the  cause  of  the  dropsy 
is  the  retention  of  water  in  the  blood.  Not  the  hydrcemia  per  #e, 
but  only  the  hydrasmic  plethora  is  asserted  to  give  rise  to  the 
dropsy.  Unfortunately,  however,  the  theoretic  foundations  of 
this  hypothesis  are  still  less  securely  established  than  are  those 
of  Bright's  theory.  As  for  the  latter,  the  actual  occnrreDoe 
of  hydraamia  has  been  positively  proved  at  least  in  a  namber 
of  cases ;  but  how  little  evidence  there  is  for  the  existence  of 
a  hydrsemic  plethora  in  nephritis  has  just  been  thoroughly 
discussed.  But  even  admitting  that  the  blood-volume  of 
persons,  in  whom  the  urinary  secretion  is  abnormally  scanty, 
is  considerably  in  excess  of  the  normal  standard,  is  it  con- 
ceivable that  the  organism,  instead  of  resorting  to  the  ordi- 
nary channels  for  the  excretion  of  water,  should  utilize  the 
skin  and  subcutaneous  tissue  as  a  water-reservoir  f  That 
this  does  not  happen  in  the  dog  and  our  other  mammalian, 
domestic  animals,  and  in  particular  that  it  does  not  occur  in 
those  species  which  are  furnished  with  actively  functional 
sweat-glands,  you  know  from  the  experiment  on  hydrasmic 
plethora.  For  we  could  venture  on  allowing  enormous  quan- 
tities of  '5  per  cent,  salt-solution  to  run  into  the  vascular 
system  of  the  animal  without  even  an  indication  of  anasarca 
setting  in  :  that  the  previous  ligature  of  the  renal  arteries 
makes  no  difference  in  the  result  is  at  bottom  self-evident, 
and  has,  moreover,  been  determined  by  Lichtheim  and  myself 
by  an  experiment  expressly  directed  to  this  end.f  And  what 
are  the  proofs  on  which  Bartels  relies  in  support  of  his  view- 
in  man  ?  In  the  first  place,  he  dwells  on  the  fact  that  only 
those  renal  diseases  which  are  accompanied  by  oliguria  cer- 
tainly lead  to  dropsy  :  a  fact  which  may  be  admitted,  but 
which,  as  shown  in  our  foregoing  remarks,  may  be  taken 
advantage  of  with  at  least  equal  justice  by  the  adherents  of 
the  hydrsemic  theory.  Bartels'  chief  argument  is,  that  the 
increase  and  disappearance  of  the  oedema  are  precisely  in  in- 
verse proportion  to  the  degree  of  diuresis.  To  establish  this 
rule,  Bartels  has  taken  an  astonishing  amount  of  trouble  : 

*  Bartela,  in  Zieinssen's  '  Handb./  ix,  x.  p.  89,  et  seq. 

f  Cohubeim  and  Lichtheim,  *  Virch.  A./  Ixix,  p.  106. 
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for  monthB  together  he  haa,  in  a  large  number  of  renal  oases, 
compared  the  waler-siipj>ly,  the  volume  of  the  urine,  and  the 
dropsy,  and  baa  accurately  recorded  their  relations,  with  tho 
fBBult  that  be  has  preseiited  us  with  a  series  of  figures  wliich 
at  flrst  sight  appear  sutliciently  striking.'*'  And  yet  what  do 
these  arduous  invt^stigatious  really  teach  f  Nothing  except 
that  increase  of  the  dropsy,  decrease  of  the  volume  of  tho 
urine,  and  increase  of  the  quotient  obtained  by  dividing  the 
water-supply  by  the  water-excretion  always  coincide,  and  that 
the  same  is  true  of  decrease  of  the  dropsy,  increase  of  the 
nrinary  secretion,  and  decrease  of  the  quotient.  But — even 
if  wo  overlook  the  fact  that  other  observers  have  not  iufre- 
qnontly  failed  to  find  such  a  regular  relation  between  tho 
dropsy  and  tho  volume  of  the  urine — does  it  actually  follow 
that  the  variations  in  the  quantity  of  urine  are  tho  doter- 
miulng  factor?  So  little  is  this  the  case  that  we  might  equally 
reasonably  adopt  the  opposite  conclnsion,  and  infer  that  the 
inoroase  and  disappearance  of  the  dropsy  is  really  the  essen- 
tial element  in  the  procos.s  ;  if  tho  dropsy  incrcaneB,  the  urine 
will  ctriertii  parihwi  necessarily  decrouse,  aud  if  the  dropsy 
disappears,  t.  c,  becomes  absorbed,  tho  urine  will  no  less  in- 
evitably increase.  Not  merely  has  Bartcls  failed  to  establish 
tho  likelihood  of  the  dependenco  of  tho  hydrops  on  the  reten- 
tion of  water  in  the  blood,  but  there  are  a  number  of  patho- 
logical facts  which  directly  disprove  this  view.  I  do  not 
wish  to  remind  you  that  a  dog  can  survive  the  ligature  of 
both  ureters  for  almost  a  week,  and  yet  never  shows  a  trace 
of  dropsy,  despite  an  adequate  supply  of  liquids.  In  man, 
too,  Bartela  himself  brings  forward  a  case,  also  referred  to 
by  me  (vol.  iii,  p.  1230),  where  complete  anuria  lasted  more 
than  five  days  as  the  result  of  occlusion  of  the  ureters,  but 
was  not  followed  by  oedema;  and  a  still  more  striking  case 
has  recently  been  communicated  by  Schwengera,t  that  of  a 
patient  nged  59,  who  suffered  from  complete  auuria  of  nine 
days' duration,  as  the  result  of  closure  of  the  right  ureter  by 
a  stone  while  the  left  kidney  was  abseut,  but  without  u  traco 
of  oedema  or  of  effusion  into  a  cavity  up  to  death.  More- 
over, I  have  already  informed  you  (vol.  i,  p.  454)  that  in 

•  Burti^U.  ]tK%  rit»  \*.  93. 

t  Schwenijcr*, '  BcrL  klin.  WochcuichrV  |88|,  No.  J4. 
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hysterical  cases  anuria  or  at  least  extreme  oliguria  of  still 
longer  daration  has  been  observed  in  the  absence  of  dropsy. 
But  while  no  vestige  of  hydrops  occurs,  the  importance  of 
these  examples  as  regards  the  question  now  engaging  oar 
attention  is  not  lessened  by  the  fact  that  the  patients  Buffer- 
ing from  anuria  or  oliguria  repeatedly  get  rid  of  large  quan- 
tities of  fluids,  more  especially  drinks,  per  08  or  per  anum. 
For  vomiting  is  also  present  in  acute  nephritis,  and  even 
were  it  absent,  we  should  still  have  to  explain  why  it  is  that 
the  organism  deposits  the  retained  water  in  a  region  which 
it  never  at  other  times  uses  for  the  removal  of  water  from 
the  blood.  How  little  the  combination  of  hydrssmia  and 
oliguria  suffices  to  produce  such  oedemas  as  occur  in  the  ne- 
phritic is  best  shown,  however,  by  the  cases  of  unhappy  women 
with  carcinoma  uteri,  in  whom,  owing  to  the  extension  of  the 
new  growth  or  secondary  implication  of  the  lymphatic  glands, 
both  ureters  become  gradually  occluded.  The  inadequacy  of 
the  urinary  secretion  is  proved  by  the  development  in  these 
cases  of  the  complex  of  symptoms  known  as  chronic  urmfniag 
which  will  presently  be  more  fully  described ;  by  this  life  is 
ultimately  destroyed,  and  yet — provided  there  be  no  compli- 
cation by  thrombosis  or  other  lesion  of  the  circulation — one 
never  sees  more  than  a  slight  oedema  of  the  ankles  which  may 
extend  a  little  up  the  leg,  while  the  enormous  and  wide-spread 
anasarca  so  characteristic  of  nephritis  is  altogether  absent. 

And  here  we  meet  with  a  highly  important  point,  which 
is  completely  neglected  both  by  the  hydrssmic  and  by  the  re- 
tention theory,  namely  the  localisation  of  the  nephritic  ORdema^ 
Were  the  wateriness  of  the  blood  or  were  the  overloading  of 
the  vascular  system  with  liquor  sanguinis  the  cause  of  the 
dropsy,  might  we  not  expect  that  the  fluid  would  transude  or 
be  excreted  into  every  part  affording  room  for  its  accommo- 
dation, or  at  least  into  all  the  regions  which  are  the  chief 
seats  of  the  dropsy  in  general  disturbances  of  the  circulation  f 
Yet  this  expectation  is  not  realised.  Rather  it  is  the  mle 
that  hydrops  renalis  is  greatly  predisposed  to  attack  the  «u6- 
cutaneotis  cellular  tutsue.  The  dropsy  of  renal  disease  almost 
always  begins  as  anasarca,  and  a  considerable  time  may  elapse 
^efore  one  of  the  serous  cavities  participates  in  it;  these 

•vities  in  many  instances,  indeed,  escape  altogether.     It  is 
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not  flimply  in  the  milder  cases  that  the  dropsy  remains  con- 
fined to  the  skin,  bat  precisely  in  the  most  severe  ones ; 
whore  the  nephritift  has  proved  fata!  in  a  short  time  the  cavi- 
ties may  be  qaite  free  from  fluid,  while  the  anasarca  has  at- 
tained onorraouB  proportions  and  involved  the  entire  surface 
of  the  body.  Moreover,  as  regards  chronic  nephritis,  if  wo 
leave  out  of  account  those  cases  which  aro  complicated  by 
valvular  disease  or  by  pulmonary  or  hepatic  affectionsj  we 
find  that  in  a  nnmber  of  inf^tances  the  anasarca  is  the  only 
manifestation  of  dropsy  occarring  daring  the  whole  of  life. 
Nevertheless  in  chronic  renal  disease  the  predominance  of 
the  subcutaneooB  dropsy  does  not  usually  obtain  to  the  same 
extent.  Thus,  in  uncomplicated  chronic  Bright's  disease, 
effuHioiis  into  the  serous  cavities  sooner  or  later  make  their 
appearance  as  well,  and  I  have  even  observedj  in  the  bodies 
of  persons  who  had  died  of  chronic  nephritis,  a  hydrothorax 
or  hydropericardium  or  other  efftision  into  a  cavity  much  more 
marked  than  the  anasarca.  With  respect  to  the  s^i-culled 
waxy  or  butter-kidney  also,  my  experience  goes  to  show  that 
the  dropfiy  is  here  usually  general,  and  attacks  the  sub- 
cutaneous cellular  tissue  as  well  as  the  serous  cavities,  though 
the  affection  of  the  latter  is  usually  less  marked  ;  certainly 
the  hydrops  is  more  considerable  in  these  cases  than  we 
usually  find  it  in  the  bodies  of  persons  who  have  died  of  can- 
cer or  in  whom  hydnomia  has  boen  produced  by  some  other 
cause. 

These  experiences  as  to  the  wider  distribation  of  the  oedema 
in  chronic  renal  inflammations  does  not,  of  course,  alter  the 
fact  that  anasarca  is  the  only  form  of  dropsy  likely  to  bo  ob- 
served in  fresh  acute  nephritis  ;  and  because  a  few  days  are 
here  sufficient  for  the  entire  skin  from  the  face  to  the  feet 
to  become  ccdematous  and  sometimes  enormously  so,  it  is 
natural  to  suppose  that  there  would  be  no  difficulty  in  dis- 
covering the  internal  conditions,  on  which  this  localiaation 
of  the  dropsy  in  acute  nephritis  depends.  But  have  we  really 
here  to  deal  with  a  direct  relationship  of  dependence?  Were 
this  the  case,  every  acute  nephritis  of  some  intensity  must 
undoubtedly  lead  to  anasarca.  ThvH  i^  not  go,  however.  It 
almost  appears  to  me  that  so  impressed  have  obserrera 
been  by  the  rapid  development  of  extreme  anasarca  in  many 
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primary  and  secondary  renal  inflammations,  as,  for  example, 
scarlatinal  nephritis,  that  too  little  attention  has  been  paid 
to  those  cases  of  the  same  disease  in  which  this  striking  svm- 
ptom,  supposed  to  be  so  characteristic,  is  absent.  For  Bach 
cases  are  by  no  means  rare.  I  myself  can  recall  more  parti- 
cularly the  occarrence,  daring  different  epidemics  of  relaps- 
ing ferer,  of  cases  of  acute  nephritis  dae  to  the  ferer,  which 
were  accompanied  by  the  absolutely  pathognomonic  func- 
tional disturbances  of  the  kidneys — scantiness  of  the  urine, 
marked  albominaria,  copious  sediment  of  colourless  and  red 
blood-corpuscles  and  casts — and  which  moreorer,  as  I  sac- 
ceeded  in  many  instances  in  discovering  at  the  autopsy,  were 
typical  examples  of  acute  hemorrhagic  inflammation;  I  can 
recall,  I  say,  most  riridly  that  in  these  cases,  although  the 
disease  had  lasted  for  weeks,  there  was  either  a  complete  ab* 
nence  of  subcutaneous  osdema  or  such  an  insigniEcant  degree 
of  it  as  is  occasionally  found  in  all  pyrexial  diseases  when 
occurring  in  debilitated  persons.  Moreover,  in  nephritis 
after  diphtheria  of  the  pharynx  and  also  after  pneumonia, 
I  have  often  completely  failed  to  find  anarsarca,  although 
here  too  the  symptoms  of  renal  inflammation  had  been  ob- 
served for  weeks  and  its  presence  more  than  sufficiently  de- 
monstrated at  the  autopsy.  Accordingly,  it  is  evident  that 
the  nephritis  with  the  functional  disturbances  directly  occa- 
sioned by  it,  or  at  any  rate  the  nephritis  alone,  cannot  be  the 
cause  of  the  subcutaneous  dropsy  ;  some  additional  factor 
must  concur  in  producing  it.  The  nature  of  this  factor  has 
been  already  indicated  when  discussing  the  subject  of  hydne- 
mia.  So  far  as  I  see  at  least,  it  can  be  nothing  but  an  i»- 
flammatory  alteration  of  the  skin  or  of  the  cutaneoua  veeeele, 
in  consequence  of  which  these  vessels  are  rendered  a&nor- 
mally  fermeahle  to  the  water  of  the  blood.  The  inflamma- 
tory alteration  of  the  vessels  of  the  skin  must  either  have 
preceded  the  nephritis  or  the  noza  exciting  the  inflammation 
have  simultaneously  attacked  the  skin  and  the  kidneys  ;  the 
former  alternative  is  certainly  applicable  to  scarlet  fever,  the 
latter  probably  to  the  cases  of  so-called  primary  nephritis 
which  are  caused  by  the  chilling  or  wetting  of  the  skin.  In 
scarlet  fever,  the  inflammatory  skin-affection  at  once  givas 
evidence  of  its  presence,  and  the  inflammation  is  known  to 
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bo  aomotimca  so  intcuHe  that  complete  anasarca  nets  in  with' 
out,  or  at  any  rate  hvfort},  (he  dvvclojtwvut  of  nt^phritU,  On 
tbe  other  baud^  au  affection  of  the  skin  uf  such  violetico  is 
very  excoptional  as  the  result  of  changes  of  tomperatare, 
moisture  or  the  like  :  for  the  ektn  doea  not  react  to  culd  with 
redness  or  other  perceptible  syznptomSj  and  does  not  usually 
become  ccdematous  till  the  blood  has  acquired  a  certain  hy- 
drsemic  quality.  Yet  you  will  no  doubt  remember  the  cases 
of  acute  drojitty  of  the  nkin  after  evident  chilling,  to  which 
attention  was  formerly  directed  (vol.  i,  p.  518)  ;  shall  we 
really  bo  too  veuturesomo  if  we  class  this  hydrops  irritativtts 
with  the  hydrops  »carlatino8\m  sine  nephriiide  ?  I  do  not  fail 
to  perceivOj  it  is  true,  the  various  objections  to  our  regard- 
ing hydrops  irritatiirnfl  as  an  inflammatory  oedema.  The  fact 
of  our  unacquaintance  with  the  a^^'cnt  exciting  the  iuflawma- 
tion  applies  not  only  to  this  but  to  many  other  processes  of 
an  inilammatory  nature  ;  yet  wo  do  not  usually  admit  the 
occurrence  of  an  inflauimatiou  without  heat  and  without  red- 
ness in  parts  so  superficially  situated.  It  is  far  from  being 
made  out,  however,  that  the  cutis  itself  is  primarily  affected 
and  not  rather  the  vessels  of  the  subcutaneouK  cellular  tissue, 
perhaps  through  the  agency  of  the  sweat-glands  :  and  how- 
ever this  may  be,  one  cardinal  feature  of  genuine  inflamma- 
tion is  certainly,  under  these  circumstances,  displayed  by  the 
vessels  of  the  skin  or  subcutaneous  tissue,  namely  the  ab- 
nonu&Uy  increased  permeability.  And  this  precisely  is  the 
essential  element  so  far  as  our  argument  is  concerned.  In 
the  higher  degrees  of  the  alteration  in  question,  oedema  is 
at  once  developed,  as  is  usual  in  true  inflammation;  in  its 
slighter  degrees,  on  the  contrary,  the  cliango  is  not  suffi- 
ciently intense  to  augment  the  transudation  to  the  extent  of 
actual  ccdema.  The  case  is,  however,  altered,  as  you  know, 
when  the  blood  is  hydrcDmic,  and  especially  when  a  hy- 
dnemio  plethora  sets  in  ;  for  although  little  effect  is  exerted 
by  the  latter  on  the  healthy  extremity  of  a  dog,  we  observed 
a  very  considerable  increase  in  thu  flow  of  lymph  from  the 
inflamed  leg,  after  some  litres  of  salt-solution  had  been  intro- 
duced int^  the  vascular  system  of  the  animal.  These  eiperi- 
oncesi  in  my  opinion,  afford  a  natural  explanation  of  the  ana- 
aarca  of  acute  nephritis.     In  a  person  whose  cutaneous  and 
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Bubcntancoua  vessels  arc  intact^  tbo^e  parts  are  not  atiiixed 
to  relieve  the  blocui  of  any  superfluous  water  it.  m»y  heppea 
to  contain  ;  but  whoa  the  vessels  just  mentioued  are  aboor- 
mally  permeable,  the  subcutaneous  cellular  tissue  is  used  «i 
a  reservoir  for  the  water  which  fails  to  be  excreted  in  normal 
fashion  by  the  kidneya.  If  this  entire  interpretation  he  por- 
reot|  it  is  easy  to  see  why  it  happens  that  the  anasarca  which 
forms  so  prominent  a  symptom  in  many  cases  of  nephritis  is 
altogether  absent  in  others  of  equal  intensity  and  daration. 
The  anasarca  depends  on  the  abnormal  porraeabilitj  of  tlie 
cutaneous  and  subcutaueous  vessels;  hence  it  will  hardly  bo 
absent  in  all  those  cases  where  the  primarj' or  secondary  »e- 
phritis  has  its  starting-point  in  injury  of  the  skin^  whilo  in 
relapsing  fever  and  diphtheria — in  short,  whenever  the  skin 
is  not  directly  implicated  in  the  morbid  process — the  iaflam- 
mation  of  the  kidney^  though  associated  with  an  equal  do* 
gree  of  water  retention,  is  absolutely  uuatteuded  by  thechi^ 
racteristic  acute  anasarca.  Our  theory,  moreover,  affords  an 
explanation  of  the  restriction  of  the  dropsy  in  acute  nephritis 
to  the  skin  and  subcutaneous  tissue,  while  the  serous  cavities 
remain  fi*oe. 

When,  moreover,  daring  the  course  of  chronic  Bright's 
disease,  the  anasarca  permanently  forms  a  main  feature  in 
the  case,  we  are  al&o  justiGed  in  assuming  that  the  disetase 
has  had  its  starting-point  in  the  skin,  or  that  the  slcin  and 
kidueys  were  together  implicated  from  the  lirst.  This  is  irus 
chiefly  of  the  snbohronic  form,  or  to  use  Weigert's  term,  the 
chronic  heemorrhagic  nephritis,  whether  setting  in  acutely  ivr 
throughout  insidious  in  its  development  and  course.  To 
decide  on  the  nature  of  the  hypothetical  skiii-nffection  is  a 
matter  of  difficulty,  more  especially  in  the  much  commoner 
caBGS  of  the  second  category,  simply  because  the  commence- 
ment  of  the  disease  generally  escapes  det-ection.  It  haa  re* 
peatedly  been  stated  by  writers  that  the  skin  in  these  patients 
does  not  behave  quito  normally:  yet  it  is  qn^  '  r'la 
whether  the  ofton-obsr^rved  incapacity  to  sweat  sp<>:.  \f 

is  actually  a  sign  of  primary  disease  of  the  skin  and  no% 
leather  a  si roplo  result  of  the  oedema,  and  of  the  >(  the 

ekin  set  up  by  it.     To  me  it  appears  most  j  with 

regard  to  those  cmos  ai«o,  that  the  speoisl  altomtion  ood« 
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Bists  in  an  abnormal  incronso  of  permeability  of  the  ctita- 
neona  and  snbcataneous  vessels ;  is  it  not  precisely  these 
forms  of  chronic  nephritifl  that  have  been  referred  by  all 
writers  to  repeated  chilling  and  wetting  of  the  skin  as  their 
essential  cau.se  ?  But  however  adeqnate  this  hypothesis  may 
be  to  explain  the  anasarca  of  these  patients,  which  thoogh 
liable  to  considerable  variations  as  regards  localisation  and 
intensity,  is  yet  as  a  rule  persistent ;  it  does  not  throw  light 
on  the  dropsy  of  cavities,  which,  as  already  stated,  only 
rarely  fails  to  set  in  when  the  Bright's  disease  has  lasted  for 
a  considerable  time.  It  is  still  less  applicable  to  the 
markedly  chronic  form  of  nephritis  leading  to  contraction, 
where  it  is  nothing  unusnal  for  anasarca  to  bo  completely 
absent  for  many  years;  and  if  during  a  temporary  or 
lasting  exacerbation  dropRy  nets  in,  the  serons  cavities  are 
generally  no  less  involved  than  the  snbcutaneous  cellular 
tiasae,  the  dropBioal  infiltration  of  which  is  often  limited  to 
the  lower  extremities,  and  certainly  never  forms  so  promi- 
nent a  symptom  in  the  chronic  ns  in  the  subchronic,  and 
more  especially  the  acute,  forms  of  nephritis. 

These  dropsies  more  especially  are  regarded  by  Bartels  aa 
strongly  supporting  the  view  maintained  by  him,  according 
to  which  tho  hydrops  is  merely  the  reaction  of  the  organism 
to  tho  decrease  in  volume  of  the  nrine.  Nowhere  has  he 
been  more  uniformly  struck  than  in  those  chronic  forms  by 
tho  connection  between  increase  or  even  setting  in  of  dropsy 
and  marked  diminution  of  the  urinary  secretion,  and  simi- 
larly between  the  gradual  disappearance  of  the  dropsy  and 
the  increased  secretion  of  urine.  Yet  he  makes  not  tho 
slightest  attempt  to  explain  why  it  is  that  in  these  chronic 
cases  the  serons  cavities  are  no  less  liable  to  dropsy  than 
the  subcutaneous  cellular  tissue,  while  in  the  acute  form  the 
latter  alone  is  chosen.  You  are  acquainted  with  onrreasona 
for  rejecting  the  theory  of  water-retention ;  yet  I  have  already 
remarked  that  for  these  dropsies  the  view  enunciated  by 
us  of  the  anasarca  of  acute  nephritis  does  not  avail — espe- 
cially in  oases  of  contracted  kidney  which  may  go  on  for 
years  without  a  trace  of  subcutaneous  oedema,  probably  be- 
caaaethey  do  not  originate  in  damago  to  the  skin.  The  key 
to  the  explanation  of  these  dropsies  is  afforded  by  the  abso- 
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lately  correct  observation  which  establishes  the  coincid<»iic3« 
of  their  derelopmunt  with  the  decrease  of  the  urine,  tboug 
not,  it  ia  true,  in  Bartels'   sense.      When,  darinjf  the  conrwe 
of  a  chronic   uncomphcated   nephritis,  the  oinially  abandant 
or  even  abnormally  excessive  secretion  of  urine  is  suddrnly 
considerably  reduced,  to  what  is  this  change  due?    To  uochin^ 
bnt  a  dutturhauce  of  that  compen^atifm  of  the  renal  affcoiicm 
xckich  was  effected  by  the  hypertrophy  of  the  Heart.      WhetLep 
this  disturbance  is  caused  by  a  pathological  process   whicb 
makes  new  and  increased  demands  on  the  heart,  or,  as  so 
frequently  happens,  by  exhaustion  of  the  hypertrophied  heftri- 
muscle,  there  must  at  once  be  a  reduction  of  the   nrinary 
secretion,  which  is  only  maintained  at  such  a  coDsider»blo 
value  by  the  high  arterial  tension  :  when  the  urinary  secre- 
tion in  these  patients  decreases,  the  small  easily  compressible 
pulse  at  once  witnesses  to  the   fact  that  conipenaatiou   is 
disturbed.     The  cardiac  hj-pertrophy  of  the  nephritic  depends 
on  essentially  the  same  conditions  and  has  the  same  signifi- 
cance as  the  hypertrophy  arising  in  various  other   vascotar 
lesions :  that  which  in  one  case  ia  brought  about  by  stenosu 
of  the  aortic  orifice,  in  another  by  arterio-sclerosis,  is  here  due 
to  the  obstruction  of  the  blood-stream  through  the  kidneys. 
It  may  be  unreservedly  said,  indeed,  that  we  have  here  a 
cardiac,  or  better  a  circulatory,  lesion,  which  is  distinguished 
in  no  respect  from  analogous  lesions  except  by  its  local  caune. 
If  this  be  80,  the  further  history  of  the  nephritic  cardiac  hyperr- 
trophies  must  resemble  that  of  the  other  forms  ;  in  other 
words,  so  long  as  the  heart  cau  meet  the  demands  upon  it, 
the  entire  circulation  contioues  regular,  bnt  so  soon  as  from 
any  cause  the  functional  power  of  the  heart  is  reduced,   the 
well-known  consequences  of  the  uncompensat-ed  cardiac  le- 
sions make  their  appearance.     I  recently  mentioned  (vol.  iiij 
p.  1196)  that  infiammation  of  the  kidney  is  no  less  capable 
than  disease  of  the  aortic  orifice  of  giving  rise  to  hyperlmphy 
not  merely  of  the  loft»  but  also  of  the  right  ventricle  ;  I  uao 
now  supplement  this  by  saying  that  when  compensation  isse* 
rioasly  disturbed  nephritic  patients  must  develop  the  same 
mdemn  as  do  persons  with  so-culted  cardiac  or  circnintorj 
lesions,  in  the  narrow  sense  of  the  term.     Yon  observe  thai 
tha  cndoma  and  olignna  are  in  chronic  nephritis  intiroateljr 


4 


THB  DHOPST  or  CITBOSIC  NEPHRITIS. 


1289 


connected ;  yet  one  is  not  the  canse  of  the  other,  bat  both 
are  co-effectti  of  the  same  cawte,  i.  d.  of  the  dlsturhanre  of  c^wi- 
penfiatiotu  In  other  words,  the  cedema  of  chronic  nephritis, 
except  when  inflammatory  alterations  of  the  skiu  are  involved 
in  its  prodoctioHj  is  an  trdcma  due  to  mpchanical  hypermmia^ 
With  this  view  it  harmonizes  perfectly  that  those  dropsies 
implicate  both  the  serous  cavities  and  the  sabcutaneons  eel- 
lulnr  tifiBQC,  and  indeed  the  resemblance  to  the  dropsy  of 
heart  disoaso  extends  so  far  as  to  occaBiou  precisely  the 
same  irregularities  in  the  distribution  of  the  hydrops  of  both 
categories  in  the  various  regiouB  of  the  body.  Everyone 
who  has  examined  many  heart  ca^es  intra  vitam  or  post 
mortem  knows  that  at  one  time  ascites,  at  another  hydro- 
thorax,  at  a  third  anasarca  preponderates,  without  our  being 
able  to  say  usually  to  what  this  varying  behaviour  is  due ; 
and  precisely  the  same  obsen'ations  are  made  in  individuals 
with  chronic  Bright's  disease.  Moreover,  our  intorprotation 
makes  the  comparative  frequency  of  pulmonary  cedema  in 
these  diseases  easily  intelligible.  The  cedema  of  the  lung 
has  also  been  frequently  classed  with  the  other  oedemas  of 
renal  disease  and  huH  boon  sehematicnlly  regarded  as  a  not 
altogethor  rare  localisation  of  renal  dropsy.  With  little 
justice,  it  is  true!  For  yon  know  that  general  pulmonary 
oedema  is  called  forth  by  a  sudden  impediment  to  the  efflux 
of  venous  blood  from  the  lungs  which  cannot  be  overcome 
by  the  right  heart,  and  is  produced  in  the  most  striking  way 
by  pnrahjsin  of  thii  Ufi  venirUle.  And  just  as  the  remain- 
ing cardiac  lesions  by  which  increased  demands  are  made  on 
the  work  of  the  left  ventricle  involve  a  marked  tendency  to 
acute  pulmonary  oedema,  so  also  in  chronic  nephritis  with 
left  cardiac  hypertrophy ;  the  mechanism  of  the  oedema  is 
here  too  the  ordinary  one,  and  it  is  only  because  the  left 
ventricle  of  nephritic  patients  has  constantly  an  abnormally 
large  amount  of  work  to  accomplish  that  the  danger  of  a 
more  or  less  sudden  paralysis  is  more  menacing  in  them  than 
in  healthy  individuals. 

You  now  perceive  why  it  is  that  in  acute  nephritis,  as  n 
rule,  effusion  into  the  serous  cavities  is  not  associated  with 
the  anasarca  or  is  quite  overshadowed  by  it.  For  if  the 
dropsy  cf  the  cavities  depends  on  general  mechanical  hyper- 
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Eemia,  it  cannot  well  develop  till  the  inflaence  of  tbe  nepbrttis 
has  told  upon  the  circulation  generally,  and  for  this  &  certain 
period  is  under  nil  circumstances  reqaired.  It  is  not  the 
nature  or  cause  of  the  acute  nephritis  that  is  here  the  de- 
termining element,  but  solely  its  acuteiiens;  the  former  affords 
an  explanation  only  of  how  it  happens  that  in  numbers  of 
cases  the  anasarca  sets  in  early  and  with  great  intenaitj  in 
spite  of  the  acutenoss.  But  yon  will  not  fall  into  the  error 
of  supposing  that  because  this  is  so,  patients  with  acute  ne- 
phritis are  exempted  from  dropsy  of  cavities.  For  if  yoa 
consider  that,  as  already  stated  (vol.  iii,  p.  1182),  a  severe 
nephritis  is  followed  after  a  few  weeks  by  the  unmistakable 
signs  of  an  increase  of  arterial  tension,  and  that,  more  ea- 
pecially  in  children,  a  marked  hypertrophy  of  the  heart  may 
develop  in  a  short  time  as  the  result  of  acute  scarlatinal  ne- 
phritis, you  will  certainly,  on  the  strength  of  these  facts,  come 
to  the  conclusion  that  an  equally  short  time  will  under  ccrtaiti 
circumstances  suffice  to  bring  about  a  mechanical  dropsy  in 
addition  to  the  anasarca  already  present.  Just  as  yon  feet 
no  surprise  when  in  cases  ending  fatally,  the  dilatation  often 
exceeds  the  hypertrophy  of  the  heart,  it  will  appear  only  too 
intelligible  that  a  certain  quantity  of  fluid  should  then  be 
met  with  in  one  or  other  of  the  cavities. 

We  may  further  conclude  from  what  has  been  etated  that 
in  cases  of  chronic  nephritis  in  which  from  any  cause  cardiac 
hypertrophy  fails  to  take  place — hence  in  particular  the  amy- 
Und  form — some  features  of  the  uncompensated  cardiwc  le- 
sions will  set  in  early,  and  amongst  them  the  multiple  (sdemaa. 
The  fact  that  amyloid  degeneration  is  extremely  oft^3n  com- 
bined with  dropsy  attracted  the  notice  of  pathologists  very 
soon  after  the  disease  was  6rst  recognised.  Its  cause  was 
sought  in  the  hydra3mia  almost  inseparable  from  amyloid 
diseaacy  and  a  welcome  confirmation  of  this  view  was  supposed 
to  be  afforded  by  the  fact  that  the  oodema  does  not  become 
really  marked,  as  a  rule,  till  the  degeneration  extends  to  the 
kidneys,  when  to  the  other  disturbances  is  added  the  diroot 
loss  of  albumen  from  the  blood.  This  latter  factor  ha«,  it 
is  true,  lost  much  of  ita  significance  sinco  it  was  finally  vettUd 
that  the  kidneys  are  always  implicated  in  caiiea  of  amyloid 
di80ft«e  of  some  duration.     And  wo  now  know,  on  iho  con- 
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trarjj  that  in  verj  many  of  the  cases  of  amyloid  disease 
which  run  their  course  without  any  or  with  insignificant 
oidema  the  renal  vessels  are  very  ejctensively  involved  in  the 
degeneration ;  and  not  merely  when  albuminuria  is  absent 
does  this  occur,  but  also  when  the  urine  secreted  by  amyloid 
kidneys  contains^  as  it  usually  does,  albumen,  dropsy  may 
ueverthelesa  long  remain  absent.  I  have  myself  seen  such 
cases,  and  there  is  no  dearth  of  examples  in  the  literature 
whioh  show  in  a  very  evident  way  that  the  organism  does  not 
necessarily  respond  even  to  very  considerable  losses  of  albu- 
men by  dropsy — for  I  would  remind  you  that  the  pure  amy- 
loid  kidneys  excret«  a  profusion  of  urine.  As  a  general  rule, 
it  is  true,  uidema  dues  occur  iu  these  cases  :  Btill  in  pure  un- 
complicated amyloid  disease  of  the  renal  vessels,  even  when 

sociatud  with  degeueratiun  of  the  spleen  and  liver,  we 
rcely  find  more  than  a  moderate  anasarca  of  the  lower  ex- 
tremities with  slight  dropsy  of  some  one  or  other  of  the 
cavities,  such  as  are  also  observed  in  so  many  chronic  dis- 
eases attended  by  a  deterioration  in  the  composition  of  the 
blood  :  when,  on  the  other  hand,  you  meet  in  amyloid  degene- 
ration with  such  extreme  degrees  of  dropsy  as  are  character- 
iiitic  of  acute  and  also  of  chronic  nephritis,  you  may  ceilainly 
count  upon  the  presence,  not  of  simple  degeneration  of  the 
vessels,  but  of  true  amyloid  nejthritijs.  It  ispeciiliarly  thewaxy 
or  butter-kidney  that  is  wont  invariably  to  be  accompanied 
by  considerable  and  obstinate  dropsy,  that  is,  not  only  by 
anasarca  but  by  effusions  into  some  of  the  cavities.  This  does 
nut  depend  upon  any  peculiar  distribution  of  the  amyloid 
process ;  rather  I  would  emphatically  state  that  the  vessels 
of  the  subcutaneous  tissues  and  cavities  happening  to  be 
dropsical  are  only  extremely  exceptionally  involved  in  the 
lardaceous  degeneration.  The  amyloid  change  is  but  an  in- 
direct cause  of  the  dropsy,  in  that  it  prevents  the  development 
of  cardiac  hypertrophy,  and  consequently  early  allows  those 
effects  of  the  circulatory  lesion  to  set  iu  which  usually  only 
sriso  on  a  disturbance  of  compensation.  Thoso  are  also 
adefnaa  due  to  mcckanical  hypvrxmia,and  though  they  often 

ough  exceed  in  bulk  the  ordinary  hydrops  of  cardiac  dis. 

,  this  is  »imply  because  the  trauisudation  in  these  very 

is  derived  from  such  extremely  hydra>mic  blood.     Tliia 
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hydrssmia  is  also  the  cause  of  the  anasual  poverty  in  alhumtn 
of  the  dropsical  fluids  of  patients  suffering  from  renal  disease 
There  is  still  a  want  of   adequate  researches  dealing    wi 
the  different  etiology  of  the  renal  dropsies^  yet  all  the  state 
mentB  in  our  possession  agree  in  thisj  that  the  dropsical  jUti 
ia   an  extremely  watery  one.      The  known   disparity  in    th 
albumen-contents  of  the  serous  fluids  of  the  different  locali 
ties  is  maintnined  in  the  dropsies  of  renal  patients,  bnt   th 
fluids  are  everywhere  poorer  in  albumen  than  are  thos43  of  th 
particular  regions  at  other  times,  so  mnch  so  that  the  flui 
of  anarsarca  sometimes  contuins  only  a  few  parts  albtune 
pro  mille.     Formed  elements  are  also  only  sparingiy  presen 
in  renal  ccdemas.      Now,  you  perceive  from  all  this  that 
dropsies  occurring  in  disease  of  the  kidneys  are  ccrtaiuly  n 
80  like  in  their  origin  as  to  admit  of  our  referring  tbom, 
has  generally  been  attempted,  to  a  single  causal  factor  in 
cases.     I  am  very  far  from  denying  the  occurrence  of  true 
kydrssmic  ccdema   rn  chronic  nephritis ;   yet   this   form    hat 
never  that  intensity  and  wide  distribution  which  we  are  tang-ht 
to  regard  as  distinctive  of  renal  dropsy.      Further,  -we  mar 
attribute  to  the  kydrscmic  plethora  a  considerable   iadi 
influence  especially  un  the  amount  and  constitution   of 
dropsy,  yet  we  must  decline  to  recognise  in  it  an    immo 
diate  and  direct  cause  of  the  hydrops.      Hathor,  I  believe 
have  proved  with  regard  to  the  trdema  which  has  loug  be« 
looked  upon  as  specifically  renal,  namely  the  anaaarca,  thai 
in  acute  nephritis  it  is  always,  and  in  the  chrouic  fonns  f 
quently,  conditioned,  not  by  hydremic  plethora,  but  by  ce: 
tain  alterations  of  the  cutaneous  and  subcutaneous   rosse 
closely  allied  to  inflammation,  which  either  precede  the  ne 
phritis  or  are  developed  simultaneously  with  it.    lu  the  aecoo 
place,  we  were  able  to  refer  a  great  part  of  the  crdemaa  sc 
ting  in  during  the  course  of  chronic  nephritis  to  the  poonlt 
position  of  Ihe  renal  vessels,  or  rather  of  the  ronal   blood 
stream,   in  the   aortic   circulation,  a  position    by   virtuo 
which  disturbances  of  the  renal  circulation  influence  the  gen 
ral  circulation  in  a  different  and  much  more  serioua  matiae 
than  we  know  to  be  case  in  connection  with  any  other  oritan 
It  is  possible,  meanwhile^  that  t*veu  yet  we  have  not  ox 
bnustcd  the  t'tiology  of  the  nephritic  csdemas,  and  that 
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factor  of  a  very  different  kind  plays  a  part  in  their  produc- 
tion, namely  tbe  retention — not  of  the  water,  but  of  the  aMid 
urinary  cotufiituents  in  the  organitiin.  Thia  highly  important 
point  in  the  pathology  of  the  urinary  apparatUB^  which  hitherto 
baa  only  been  t4)uched  upon  superBciallyj  muBt  now  receive 
more  attentive  consideration. 

lu  addition  to  the  disturbances  of  the  urinary  secretion 
and  circultiU>ry  apparatus,  as  well  as  the  ccdemas  just  dis- 
cussed, the  course  of  the  various  renal  diseases  is  marked  by 
the  occurrence  of  a  namber  of  other  morbid  symptoms,  which, 
though  not  invariiibly  present,  are  yet  so  frequent  that  Bright 
himself  recognised  thoir  direct  connection  with  the  renal 
affeution.  These  dinturbauces  vary  much  in  nature  and  im- 
portance :  all  the  systems  of  the  body  may  be  affected  by 
them  ;  and  since,  moreover,  they  appear  with  very  different 
degrees  of  severity,  you  must  not  suppose  that  the  diverse 
forms  of  nephritis  will  present  a  uniform  series  of  symptoms. 
Among  the  most  common  and  earliest  occurring,  are  various 
digestive  disturbances.  The  nephritiu  very  frequently  com- 
plain of  all  kinds  of  dyfq>&ptic  troubles ;  they  very  often  suffer 
from  obstinately  recurring  vnmUing,  and  though  diarrhtt^a  is 
less  frequent,  it  is  Bometimes  present  in  very  violent  form 
during  the  whole  course  of  the  disease,  ami  may  defy  all 
treatment.  The  akin  in  nephritis  is  usually  conspicuously 
psle,  and  at  the  same  time  dry  and  iutloxible  ;  a  very  tor* 
menting  affection  in  some  coses  is  an  occasionally  insufferable 
cutanrfouM  pruritus.  Various  disturbances  are  observed  of 
the  respiratory  apparatus,  usually  paroxysmal  in  character, 
from  short  transitory  dyspncpa  to  most  typical  aHhmaiic 
attacks.  In  many  cases,  a  marked  hxmijtrhagic  diaihens 
develops,  which  shows  itself  more  especially  as  a  tendency 
to  bleeding  from  the  nose,  but  also,  though  more  rarely,  in 
tho  occurrence  of  bmmorrhage  from  the  stomach  and  intes- 
tines;  moreover,  cerebral  hwmorrhagea  are  not  uncommon 
during  the  course  of  nephritis,  and  are  occasionally  bo  severe 
as  to  prove  fatal;  lastly,  small  bleedings  form  an  integral 
part  of  so-called  Bright's  Tetinitvt,  also  known  as  retinitis 
albuminuru'a,  by  which  the  vision  of  so  many  patients  is  essen- 
tially impaired.  But  besides  this  affection,  there  occurs 
another  form  uf  severe  disturbance  of  sight,  which  is  notde- 
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pendent  on  palpable  pathologico-anatomical  alterations  of  the 
retina,  and  is  Btrikingly  distinj^ished  from  retiuitta  by  iu 
sudden  origin  aud^  perhaps,  no  le»s  sudden  disappeiirancaa  ; 
I  refer  to  what  is  commooly  termed  amauroifU  urrnmica,     Far- 
tbermore,  the  frequency  with  which  persons  suffering  frocn 
renal  disease  are  attacked  by  inflammatory  pn>co6sea  Laa  for 
ages  attracted  the  notice  of  all  observers  ;  not  only  do  wo  find 
erysipelas  and  phlegmonous  inflammatiuns,  which  might  be 
connected  with  the  anasarca,  or  diphtheritic  iniLkmniatioas 
of  the  inte&tinal  tractj  which,  as  you  will  soon  h«Ar,  tnay  be 
explained  without  difficulty,  but  the  lungs,  the  bronchi^  and 
the  region  of  the  glottis,  further  the  moniage«,  and  above  alt, 
the  serous  membranes  are  gre-ally  disposed  in  the  nephritic 
to  become  the  seat  of  severe  serous,  fibrino-sorons,  or  eron 
purult'nt  inflammation.     If  yon   meet  jwH  fn4ni4rtn    with   a 
purulent  peritonitis,  in  the  absence  of  a  puerperal  cause  and 
without  perforation  of  the  digestive  tract  or  one  of  the  other 
known  causes  of  the  disease,  I  can  only  urge  you  to  attoiupt 
to  discover  whether  the  patient  had  not  suffered  from  a  chronic 
simple  or  amyloid  nephritis.     But  of  all  the  disturbances  set' 
Ling  in  during  tho  course  of  nephritis,  none  has  been  more  ^J\ 
discussed  than  so-called  urwmia.      By  this  is  meant  a  serios  H|| 
of  nervous  symptoms,   which  differ  somewhat  according  aa 
the  condition  appears  cicuiely  or  develops  slowly,  chronicaily. 
In  tho  acDto  form — to  select  at  least  its  most  marked  charac- 
teristics— the  patient,  perha]>8  after  violent  beadaobo  and 
vomiting,  or  without  any  precursors,  suddenly  1oseacon»ciOtf»»  ^^ 
9Ui»ft  and  is  attacked  by  epileptiform  cvnvuUiotuf,  which,  afttfr  ^H 
continuing  for  a  while,  are  succeeded  by  deep  coma  ;  from      '"' 
this  coma  the  patient  passes,  as  a  rule,  into  a  fre«h  attack  of 
clonic  spasms,  and   thus  a  series  of  convulsions  may  enaoe, 
till  finally  doulh  lakes  place  in  the  most  profound  cx»ma.    Vet 
it  is  rather  unusual  for  patients  suffering  from  renal  disoaso 
to  perish  during  the  fintt  urtoiuic  atUick.     They  generally 
recover,  and  it  may  happen,  CHpecialiy  in  acut4>  nephritis,  that 
the  first  is  also  the  last  attack  during  tho  whole  life  ;  or  after 
a  lime  a  fresh  invasion  occurs,  which  they  also  survive,  and 
later  a  third  and  fourth,  and  so  on  ;  but  in  tho  end  thuMS 
patients  perish  in  a  seizure,  unless  life  is  previously  destroyed 
by  a  haamorrhago  into  the  bruin  or  by  ono  of  tho  iutttrcur- 


UR.EMU. 


129,> 


rent  inflammations.  Thoso  severe  irntative  phenomeim  ai9 
usuAlly  completely  absent  in  l\w  uLi'ouio  form  of  uitumia,  or 
tho  coTivulsionfi,  which  arc  often  so  terrible,  may  be  repre- 
sooted  merely  by  twitohiugti  of  single  muscle-groups.  But  no 
improvement  in  the  course  of  the  disease  takea  place  in  oon- 
Hequence.  On  the  contrary,  the  moroseuess^  drowsiness,  and 
indifference,  which  are  the  earliest  symptoms  in  the  patients 
in  question,  develop  slowly  and  gradually,  but  steadily,  into 
more  and  more  marked  apathy  and  somnolence,  and  finally 
piiss  into  a  coma  no  less  profound  than  that  which  in  the 
acute  nra^mic  seizure  envelops  the  patients  between  and  after 
the  convulsions  ;  and  in  this  stale  of  stupofaution,  which  may 
last  Duinterruptedly  for  a  number  of  dayu^  they  probably 
perish  without  exception. 

But  the  fact  that  these  vaHous  disturbances  are  bo  fr«- 
quuntly  observed  during  the  course  of  nephritis  does  not  cer- 
tainly establish  their  dependence  upon  it,  to  say  nothing  of 
clearing  up  the  mode  of  this  depeudonce.  Indeed,  in  view 
of  the  very  different  forms  of  nephritis  with  which  you  have 
become  acquainted,  and  the  very  dissimilar  effects  which  they 
exert  upon  the  function  of  the  kidneys,  you  will  probably 
from  the  start  havo  entertained  serious  doubts  as  to  whether 
the  reaction  of  the  organit^m  will  be  the  same  towards  dis- 
turbances so  diverse  in  their  nature.  Is  it  really  equivalent 
to  the  body  whether  the  amount  of  urine  passed  in  the  twenty- 
four  hours  is  greatly  reduced — as  in  acute  nephritis  or  the 
butter-kidney — or  nbuormally  increased,  as  in  the  purely 
cbronic  nephritis  leading  to  contraction  ?  Or  is  it  a  matter 
of  indifference  whether  the  excretion  of  solid  urinary'  consti- 
tuents accurately  corresponds  tu  their  daily  production  or  falls 
short  of  it?  Nephritis  has  a  varying  significance  as  regards 
the  urinary  secretion,  and  how  can  its  action  on  the  organism 
generally  be  always  the  same  ?  Now,  after  wo  had  learned 
to  differentiate  the  various  forms  and  to  accurately  detius 
the  questions  involved,  it  soon  became  apparent  that  the 
great  majority  of  the  morbid  disturbances  juitt  mentioned  are 
met  with  only  in  those  renal  affections  which  are  accompanied 
hy  a  dimintUion  in  ihts  volume  of  tha  urine  and  a  fidUmj-vjf 
in  the  fijc-errtiou  of  solid  urinary  amtitituents.  Such  are  acute 
nepUrititi  and  tho&e  cufies  of  chronic  lullammutioa  in  which 
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&  comr^LsaMrTrife  of  blc'C-d-preaSTirr  and  cardiac  bjpertropby 
eiiLer  fail  u*  take  place,  as  in  ine  amylcid,  or  again  disap- 
•pebT.  as  in  coiitraci-ed  kidnev  "wiih  dis'iorbaiice  of  compen- 
s&:i:ii :  and.  c-f  iion-n-^ammaiCTj  affecik-ns,  bilat-fral  stenoses 
or  obfrtruct:  ji-s  c-f  iLe  Tirei-ers.  in^j'rnneable  strictures  of  the 
ureihra,  ai-d  ii  g-rneral  ali  iLnsr  prctcesa-es  which  prevent  or 
brri-MisiT  intenerr  with  the  disL-L&rg-tr  of  the  urine  from  the 
b:»dT  :  andj  laKiv,  ch-.lera  and  eclampsia,  both  having  this 
feature  in  ccmuj-i-n,  that  the  nrinarr  secretion  is  greatly  di- 
minisLed  -it  even  cc-mpiri-e'ij  arrest-ed. 

HowrTer  sircne,  accorditelv,  ;*  the  pri-babilitv  that  these 
tnorbid  Evir.pt-:iii5  are  bci  the  efecis  of  the  inadequate  re- 
mi-Ta;  fros:  the  bodv  of  the  urine  ani  its  constituents,  yon 
will  ve:  desire  tha:  tLis  c:r.clu5::n  should  be  confirmed 
bv  espehxeLTal  pro::  thai  ihe  Si:rprt*s*i:n  of  the  urinary 
secret;. L  !=■  ic—owe>i  tj  aiiai- -ircus  ccr-iiitjons  in  animals. 
"Wlriier  the  rr:ei.:i::.  ii  uri-arx  t?::;s:i:aei:ts  be  produced 
It  a..;;:£**r  ._*  :\z  "•  i  u.  i:";-.  -<:?.  it  ;",?:."-;'i;:i".'»i  .^t'  ?.C'/?*  huitiey*, 
c-r  "it  r.iT.w  :•. :%  'j.i^-. ^t-^.  cr  aca.:-  Ij  a  cc n^Vinaiion  of  two 
of  tiirs^e  p:':'Ct-vl-res.  c.*e^  i.:t  iz.  tr::.cip.e  make  much  di£Per- 
etce  ;  ::r  :t  :s  obTitUslT  :m::'*aitnal  wheiLer  the  urinary 
cox-sniuri;:*  remain  ii^  t:;e  lio>i  v-r  re-i-nt^r  it  after  excrc-tion. 
As  rcfc'&rc?  c'ertaii.TT  tf  res::ji>.  h^weTt-r,  li^ntureof  the  renal 
ar;eries  i>  i:-fer;or  x-:-  ei;Ler  li  the  oiher  meth:»d<,  more  es- 
peciallv  iz.  the  d.^.  whos-e  kid'^tTs  art-  sc'inetimes  supplied 
bj  rerT  CM-Siirrille  c.llawral  antries  wh:tb  eister  it  at  the 
c:i.Tei:tT  :  SkZ.1  s:i.:e.  : :.  ;:.e  ciher  hand.  eiiirtuiiiL-n  of  the 
kidntTs"  i:,T^>e=-  a  n-uch  m^re  >tTtrc  '.-"^rr  than  d:»es  lig-a- 
t-re  ::  ::.e  Lrtitrr*.  i:.:*  .i::er  pr.Wvi.irr  >eeni5  t-o  me  best 
auhTTt-i  I.  our  ]--rp.-t  :  i:i.;re.Ttr,  }v;:  -R-.'.i  thii.k  it  no  dis- 
aiiTtT_Ti*rt  ti.aT  iLe  ez*.*C'i='  art  .i>>  *::rm'-v  .irTe^opi'Q  after 
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this  state  of  well-being  usually  gives  plaoe  even  daring  the 
first  day  to  a  certain  languor  and  malaise.  The  animals  sit 
ur  lie  cowering  in  a  corner^  drink  little,  and  more  especially 
refuse  abscluioly  to  oat.  In  dogs,  voTniiiug  usually  occurs 
on  the  first  day,  but  certainly  on  the  second;  from  this  time 
it  is  frequently  repeated,  causing  the  ejection  of  all  tluids 
taken  by  thom.  Rabbits,  on  the  contrary,  being  unable  to 
vomit,  are  attacked  at  the  same  period  by  violent  diarrhtea, 
A  Byuiptom  which,  in  dogs  with  their  profuse  vomiting,  only 
T»rely  occurs  or  may  bo  completely  absent.  After  some 
time,  which,  you  will  note,  is  usually  longer  the  moi'e  copious 
the  vomiting  or  diarrhoea,  the  animals  become  increasingly 
apathetic  and  drowsy  and  gradually  fall  into  a  somnolent 
condition,  which  in  rabbits  is  occasionally  interrupted  by 
slight  twitchiugs,  in  dogs  by  marked  convulsions.  Finally, 
the  animals  can  no  longer  be  roused  out  of  their  deep  coma, 
and  die  without  the  accession  of  new  symptoms. 

In  these  experiments  on  animals,  you  do  not,  it  is  true, 
meet  with  all  the  pathological  events,  which  are  observed  iu 
human  beings  suffering  from  renal  disease;  yet  the  most 
striking  of  them,  namely  the  digestive  disturbances  and  severe 
nervous  symptoms,  agree  so  closely  in  both,  that  it  is  im- 
possible to  admit  a  doubt  as  to  their  dependence  uu  the  re- 
tention of  nrine.  But  what  is  the  nature  of  the  actual  con- 
nection between  the  retention  and  these  symptoms  ?  By 
what  means  does  the  retention  give  rise  to  disturbances  of 
the  digestive  apparatus  and  nervous  system  ?  Unquestion- 
ably, the  idea  most  obviously  suggesting  itself  was,  and  ia 
now,  to  attribute  to  the  retained  urinary  constituents  a  kind 
of  poisonous  action,  which  is  the  more  marked  the  greater 
the  accumulation  of  materials  iu  the  blood,  or  the  longer  the 
retention  lasts.  That  such  an  accumulation  actually  occurs 
bas  long  been  known,  and  improved  methods  of  chemical  in- 
vestigation have  afforded  most  positive  confirmation  of  the 
fact,  at  least  with  regard  to  that  substance  which  is  present  in 
sufficient  quantity  to  at  all  admit  of  trustworthy  quantitative 
estimation,  i.  c,  the  urea.*  After  extirpation  of  the  kidneys 
or  ligature  of  the  ureters  in  dogs  and  rabbits,  urea  may  be 

^»  Cf.  Mjkwjiallj  Voit,  •Zeil*c)ir.  f.  Biolojf..'  ir,  p.  Il6,  «i  teq.^  wUich  aUo 
ins  a  crititjutf  uf  nil  the  older  BUtcmcutj. 
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detected  in  all  the  organs  and  floids  of  the  body,  in  qnan- 
titles  which  are  greater  in  proportion  to  the  time  that  has 
elapsed  since  the  operation.  Almost  the  same  amoant  of 
urea  has,  under  certain  circumstances,  been  obtained  from 
the  organism  as  would  during  the  same  period  have  been 
excreted  by  the  animal  in  the  urine  y*  and  if  usually  the 
amount  accumulated  in  the  body  more  or  less  falls  short  of 
that  calculated  to  be  produced  but  not  excreted  through  the 
kidneys,  this  is  very  simply  explained  by  the  removal  in  the 
vomited  matters  or  stools  of  a  quantity  of  urea,  either  unde- 
composed  or  as  ammonium  carbonate.  Many  investigators 
have  succeeded,  in  complete  accordance  with  these  results, 
in  demonstrating  the  presence  of  urea  in  the  blood  and  serons 
fluids  of  renal  and  cholera-patients,  &c.  As  to  the  import- 
ance of  the  accumulation  of  urinary  constituents  for  the  animal 
experimented  on,  this  appears  to  me  to  be  clearly  indicated 
by  the  fact  just  mentioned,  that  the  severe  nervous  symptoms 
which  always  usher  in  the  fatal  result,  are  later  in  appear- 
ing the  more  of  these  constituents  has  been  removed  from 
the  body  per  os  ei  anum. 

Yet  this  interpretation  was  capable  of  being  tested  by 
direct  experiment,  which  has  apparently  decided  against  it. 
If  it  be  really  the  retained  urinary  constituents  that  call  forth 
the  symptoms  generally  termed  "  ursemic,"  these  symptoms 
must  also  be  produced  by  the  direct  introduction  of  the  sub- 
stances in  question  into  the  blood.  Now  a  number  of  writerat 
have  succeeded  in  convincing  themselves  that  neither  the 
infusion  of  pure  tiltered  urine— even  when  obtained  from 
another  species — nor  the  injection  of  urea  or  sodium  urate  is 
attended  by  any  injurious  results  and  produces  no  patho- 
logical symptoms,  even  when  such  quantities  of  the  latter 
are  injected  as  could  not  accumulate  in  the  blood  during  a 
retention  of  several  days'  duration.  The  result  of  the  injec- 
tion is  simply  that  the  volume  of  the  urine  and  quantity  of 
urea  excreted  are  very  soon  increased  and  continue  abnor- 
mally abundant  till  the  substance  introduced  is  removed  from 
the  body.  Moreover,  if  blood  be  transfused  into  the  vascu- 
lar system  of  a  healthy  dog  from  one  rendered  urssmio  by 

*  Cf.  Yoit,  *  Zeitachr.  f.  Biolog./  iv,  p.  1 16,  et  acq. 

t  Cf.  Fivrichnj  *  Die  Bright'nclie  Xicreukmakheit,'  p.  106. 
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li^tare  of  the  ureters,  no  grave  disturbance  follows.*  Lastly 
we  have  to  take  into  account  some  additional  experiences, 
which  show  that  the  accumulation  of  urea  in  the  body  is  far 
from  always  increasing  pari  ptmsu  with  the  severity  of  the 
iirsemic  phenomena. f 

These  were  the  reasons  that  gave  occasion  to  the  enunci- 
ation of  another  theory,  which  Frerichs  more  especially  has 
sought  to  establish  by  an  experimental  investigation,!  now 
grown  famous.  According  to  it,  the  urea  is  not  fer  se  a 
poison,  but  only  becomes  so  on.  being  converted  in  the  vascular 
system  into  ammonium  carbonate,  under  the  action  of  an 
appropriate  ferment,  which,  though  not  always  present  in  the 
blood,  may  under  certain  circumstances  originate  there  very 
rapidly  ;  to  the  ammonia  is  ascribed  that  baneful  potency 
which  produces  the  urremic  disturbances  of  function.  We 
may  fairly  dispense  with  a  minute  exposition  of  the  reasons 
by  which  Frerichs  sought  to  support  this  his  theory,  since 
the  doctrine,  eagerly  adopted  at  first,  but  since  then  the 
subject  of  many  a  di5])ute,  now  possesses  a  purely  historical 
interest.  For  neither  the  theoretical  conception  nor  the 
facts  themselves  have  proved  to  be  tenable,  liy  means  of 
exact  quantitative  experiments,  Voit^  has  shown  that  the 
urea  of  the  blood  and  tissues  of  the  living  organism  is  not 
transformed  into  ammonium  carbonate,  and  that  even  when 
its  conversion  has  begun  in  putrefying  blood,  its  progress  is 
very  slow,  much  slower  in  particular  than  the  putrefaction  : 
only  in  one  region  of  the  body  does  the  conversion  of  urea 
take  place  rapidly,  namely  the  intestine,  but  hero  the  ammo- 
nium carbonate  always  produces  local  effects  and  never  gives 
rise  to  general  ura>mic  phenomena.  It  is  true  that  when  in- 
jected in  sufficient  doses  directly  into  the  blood,  the  ammo- 
nium carbonate  may  bring  about  convulsions  and  coma,  and 
thus  give  rise  to  a  complex  of  symptoms  which  in  some  of 
ita  most  essential  festures  closely  agrees  with  that  of  acute 
arfemia.jl      Nevertheless — and  this  is  the  second  principal 

*  M.  Bernhardt, '  Qua  In  ro  nrsrownatum  pO£itaiit,*I..D.,  Berlin,  1866. 

t  Vidfi  Voil,  loc.  cit.,  p.  156 ;  HiirtpU,  loc.  cit.,  p.  116. 

J  Fn»rich»,  *  A.  f .  phjBiol,  Ileilkumle,'  i,  p.  399 ; '  I).  Bright '»ch«  Nieren- 
knnkheiU'  p.  107. 

§  Cf.  Voit.  *  ZoitMthr.  f.  Biologf.,'  iv.  p.  1 16,  «i  m^. 
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Nevertheless,  you  have  yourselves  seen  that  after  the  infa- 
sion  of  enormous  quantitiea  of  a  *5  per  cent,  salt-solution  into 
a  vein,  the  braiu  with  its  membraues  remains  no  less  dry  than 
in  a  healthy  and  normal  dog — although  the  arterial  blood- 
pressure  has  continued  for  hours  at  the  highest  normal  values 
ever  obflorved.  It  is  incorrect,  as  I  have  repeatedly  told  you, 
that  hydncraic  blood  transudes  inore  readily  through  healihy 
vessels  than  docs  blood  of  normal  composition,  a  statement 
which  holds  ennally,  whether  tb©  arterial  pressure  be  high  or 
low.  Still  less  have  we  any  need  to  examine  into  the  cor* 
rectness  of  Tranbe's  view  with  regard  to  the  implication  of  the 
largeor  mid-brain,  if  for  no  other  reason,  because  the  fact  itself 
is  far  from  being  so  certainly  established  as  the  frnmer  of  the 
theory  believed.  For  while  it  is  quite  true  that  the  brains  of 
persons  who  have  died  during  an  attack  of  uraemia  are  some- 
times foand  to  be  moister  than  usual,  it  is  useless  to  discuss 
the  causes  and  mechanism  of  the  oedema — »ince\t  %9  anything 
but  coruttanUy  present  in  unrmic  iiuH  vidua  lit.  Rather  I  can 
most  positively  assure  you  that,  during  the  two  decades  which 
have  elapsed  since  the  appearance  of  Traube's  publication,  I 
have  examined  many  brains  in  ursemio  cases  which  were  not 
in  any  way  distinguishable  as  regards  moisture  from  the 
normal.  Hence  the  cedema  of  the  brain,  even  if  it  had  ex- 
isted intra  viiamf — on  which  point  the  post-mortem  appear- 
ances give  no  reliable  evidence — can  only  at  most  be  an  asso* 
ciated  phenomenouj  but  not  the  cause  of  the  ursemia. 

Bnt  is  it  really  so  clearly  established  that  the  overloading 
of  the  blood  with  urinary  constituents  is  an  absolutely  uninjn- 
rious  condition  f  Is  this  actually  demonstrated  by  the  fact 
that  urine  or  solutions  of  urea,  Ac,  when  injected  into  the 
blood,  pass  through  the  body  without  any  bad  result  ?  By 
such  a  mode  of  procedure,  a  lasting  excess  of  urinary  con- 
stituents can  never  be  produced  ;  and  if  the  injection  of 
urea  is  to  lead  to  absolutely  certain  conclusions,  it  is  evident 
that  the  organism  must  at  the  same  time  be  deprived  of  the 
power  of  excreting  the  urea  introduced.  As  a  matter  of 
fact,  a  very  different  result  was  arrived  at  by  experiments, 
when  the  chief  channel  of  urea-excretion  was  occluded  by 
ligaturing  the  ureters.  After  injections  of  ursmic  blood, 
Bemhardt's  dogs  very  soon  developed  the  symptoms  of  severe 


illneBS  and  diod  much  more  rapidly  than  is  cnfltomary  after  | 
ligature  of  the  ureters.  Most  experimenters,  however,  haro 
found,  on  a  detailed  examination  as  to  which  are  the  re»Uy 
active  and  injurions  subetaucea  of  the  uraBmic  blood,  that 
animalR  with  ligatured  ureters  or  extirpated  kidneys  do  not 
strikingly  react  to  small  doses  of  nrea ;  bat  after  the  inlro' 
duetion  of  larfjer  quantities  they  jieTiith  irt/A  mora  or  lt*n 
ftionny  fnjmptom».  And  in  thi&  connection  it  is  necossary  to 
remember  that  a  not  inconsiderable  amount  of  nrea  may  ho 
removed  by  vomiting  or  diarrhoea,  so  that  shonid  a^ttU 
nervons  symptoms  fail  to  set  in  after  injections  of  urea  into 
animals  deprived  of  their  kidneys,  this  would  not  nbsolatety 
disprove  the  danger  of  accumulations  of  urinary  constituents 
in  the  blood.  On  the  contrary,  the  appearance  of  vomiting 
and  diarrhoea  in  these  cases  appears  to  me  to  clearly  show 
that  the  overloading  with  constituents  of  the  urine  is  far 
from  being  a  matter  of  indifference  to  the  body.  This  is 
demonstrated  in  a  peculiarly  striking  manner  by  an  ixigenions 
experiment  of  Voit.*  A  small  dog  weighing  three  kilograms 
which  was  supplied  in  its  food  with  more  than  eighteen 
grams  urea,  excreted  the  entire  quantity  during  twcnty-foor 
hours  together  with  a  profusion  of  urine^  provided  it  receivtwl 
an  unlimited  supply  of  water  ;  when,  however,  after  the  same 
dose  of  urea,  the  littlo  animal  was  deprived  of  all  fluids,  it 
became  languid  after  a  few  hours  and  soon  developed  violent 
vomiting  which  was  repeatedly  renewed  on  the  same  and 
following  days;  the  matters  first  vomited  were  acid,  later 
on  strongly  alkaline,  and  then  gave  off  a  copious  visiblo 
vapour  on  bringing  a  glass  rod  moistened  with  h^'d rochlorio 
acid  into  proximity  to  thorn.  Meanwhile  the  d<^  S^^^ 
steadily  weaker  and  more  apathetic,  got  muscular  twitchings 
and  cramps,  and  in  fact  lapsed  into  an  extremely  critical 
condition  ;  from  this,  however,  it  completely  recovered  when, 
water  being  given,  a  copious  secretion  of  urine  set  in.  Voa 
see,  then,  that  although  really  large  quantities  of  nroa  pass 
through  the  body  without  harm,  their  accumulation  in  the 
blood  while  the  possibility  of  excretion  is  in  abeyance  may 
he  accompanied  by  the  most  serious  results.  Yet  later 
experimenters  are,  it  is  tme,  less  disposed  to  adroit  the  accu- 
•  Cf.  Yoit.  *  ZifitMhr.  f.  Biolog.,'  iv,  p.  n6,  W  ««f . 
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znnlation  of  urea  to  be  the  active  caase  of  tlie  nrsemic  poison- 
ing. Thus,  Astaschewsky*  observed  that  a  dog,  with  liga- 
tured ureters,  into  which  he  introduced  by  the  v.  fenioralis 
the  whole  of  the  urine  passed  by  it  in  three  daySj  in  concen- 
trated form,  became  restless,  was  attacked  by  vomiting  with 
acceleration  of  the  pulse,  soon  developed  terrible  convulsions, 
and  died  comatose  loo  minutes  after  the  injection  ;  on  the 
other  hand,  he  failed  to  produce  any  nreamic  symptoms  by 
injecting  area,  even  in  efwrmotia  quantitiea ;  vomiting  and 
diarrhoea  alone  set  in,  but  oven  these  were  rather  late  in 
appearing,  and  death  was  not  hastened  thereby  nor  by  the 
injection  of  kreMinin.  Much  more  destmotive  effects  are 
believed  by  Astaschewsky,  on  experimental  evidence,  to  be 
produced  by  the  mineral  constituents  of  the  urine,  in  parti- 
cular by  the  saliir  of  j^ota^h,  the  importance  of  which  in 
nraamic  blood-poisoning  had  previously  been  pointed  out  by 
Voit.  Under  these  circumstances  while  the  active  principle, 
in  the  strict  sense,  of  nrmmia  is  still  an  unsettled  question, 
and  it  is  possible  even  that  different  substances  may  pro- 
duce the  pernicious  effects  ou  different  occasions,  it  will 
obviously  be  best  to  attribute  the  origin  of  the  pheno- 
mena here  occupying  us,  not  to  this  or  that  ingredient  of 
the  urine,  but  generally  to  the  retention  of  all  its  solul  cotI' 
stitxienU.  The  factor  preventing  excretion  is  of  little  moment. 
The  effect  produced  in  Voit's  experiment  by  want  of  water 
— without  which  the  excretion  of  urea  by  the  kidneys  cannot 
take  place — is  brought  about  in  almost  analogous  fashion  by 
the  inspissation  of  the  blood  in  the  choleraic  seizure  ;  other 
causes,  again,  are  at  work  in  the  production  of  the  anuria  or 
oliguria  in  the  paroxysm  of  eclampsia,  in  acute  and  chronic 
nephritis,  and  in  the  various  impediments  occurring  in  the 
interior  of  the  urinary  passages  ;  yet  as  regards  the  effecta 
of  the  accumulation  of  urinary  constituents  in  the  blood,  the 
resuU  is  always  the  same.  Moreover  when,  as  is  not  so 
rarely  observed,*  renal  patients  treated  by  diaphoresis, 
suddenly  develop  unemic  symptoms  after  the  very  rapid 

•  ABtaachewilty,  'Pclerabg.  medic.  Woch»chr./  1881,  No.  27.  Identical 
resolta  were  arrived  at  by  Fclli  and  Bitter}  *  De  Tur^mi©  ezp^iimeDtale/ 
Parif,  iSdt. 

t  Bortels.  loc.  cit.,  p.  132. 
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absorption  of  large  dropsical   efTanions,  these  are  prolialsl 
most  simply  explained  by  the  rapid  overloading  of  the  Lit 
with  the  urinary  constituents  contained  in  the  dropsical  fluids  y 
for  on  the  arinary  seoreticn  afterwards  becoming  abiuidaiifi^<j 
the  threatening  symptoms  speedily  disappear. 

The  real  test  of  the  correctness  of  the  view  here  developed 
would  consist  in  its  affording  a  plausible  explanation  of  thi 
entire  phenomena  of  ursemia  ;  and  it  is  the  moro  incumbeDl 
upon  us  to  consider  this  problem,  since  the  variety  of  th^ 
urasmic  symptoms  has  been  made  use  of  by  a  writer  of  emi- 
nence* as  an  objection  to  the  view  of  the  unity  of  isrfloini 
and  of  the  um^mic  morbid  poison.     I  do  not  deny,  of  coarse, 
that  the  urromic  phenomena  maybe  displayed  by  very  difToront 
organs  ;  indeed,  I  have  myself  hastily  sketched  some  of  theae 
variations ;  it  ia  true  also  that  the  symptoms  are  not  all 
observable  in  every  case.     A  possible  explauation  of  sa 
differences  has  just  been  hinted  at.     Without  any  roal  necois 
sity,  however  ;  for  experience  teaches  with  regard  to  eveiy 
disease  that  the  various  symptoms  occur  irregularly,  and  tb 
only  question  therefore  is, — Do  the  individual  cases  actuall/ 
present  groups  of  symptoms  so  different  as  not  to  be  recon- 
cilable ?     Nowj  the  principal  difference  here  consists  merely 
iu  the  rapidity  with  which  the  symptoms  are  manifested,  and^ 
in  dependence  on  this,  thoir  severity  ;  the  more  rapidly  thoy' 
set  in,  the  more  stormy  will  bo  their  course  ;  the  longer  the 
are  absent,  the  more,  as  already  described,  will  the  irritativ 
phenomena  be  obscured  by  those  of  depression.     TIiIm  differ 
onco  does  not,  however,  elude  explanation.     For  it  ia  the  vo 
natural  result  of  a  rapidly  or  slowly  cuhninating  ovcrloadii 
of  the  blood  vith  urinary  eonsUtuenU,      What  are  the  c 
oumstances  in  which  we  observe  attacks  of  at^i^/ennemia,  sac 
as  are  usually  ushered  in   by  violent  vomiting  and  often   b; 
sadden  amaurosis,  and  which  are  characterised  by  convulsiou 
and  coma  ?      We  observe  them  aa  the  result  of  nijiidly  ostn 
blished  impermeability  of  the  arinary  passages  or  of  a  suddcu' 
incapacity  to  discharge  the  urine  sooreted  ;  next  in  an  ex 
trcmcly  typical  form,  in  eclampsia  parturientium  or  gravi* 
daram  ;  further  in  some  caKos of  so-cnllod  cholera-typhoid; bo 
acute  uncmia  is  decidedly  most  common  iu  the  course  of  uon 
*  |{aii«iuitoin, '  Vlroh.  A.,'  Ivt,  p.  383. 
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Kuppnrative  nephritis,  both  in  the  acate  and  chronic  forms.  Of 
these  differuiit  categories,  the  firHt  iu  a  raeasnro  repeatfl  the 
experiment  of  bilateral  ligaturo  of  tlio  ureters  ;  in  eclampsia, 
it  is  the  viiBCalar  spa^m  of  tho  j^mall  renal  arteries — which 
appeared  so  plausiblo  to  us — that  in  a  moment  gives  rise  to 
the  retention  of  the  urinary  constituents  in  the  blood ;  in  the 
train  of  cholera,  nraemic  complications  occur  only  when  the 
urinary  secretion  has  not  been  re -established,  so  that  tho 
nrinary  constitucntn  retained  in  the  blood  sinco  tho  attack 
consequently  fail  to  bo  oxorotod ;  and,  lastly,  that  acute 
nephritis  gives  rise  in  the  briefest  space  to  an  extreme  reduc- 
tion of  tho  urinary  secretion,  you  already  know.  But  how  as 
regards  chronic  Brlght's  disease  ?  Here  oliguria  is  oat  of 
tho  question,  to  say  nothing  of  its  sudden  developincnt ;  on 
the  contrary,  in  chronic  nephritis  the  quantity  of  urine  secreted 
may  for  months  and  years  continue  porfootly  normal,  and  may 
often  enough  be  excessive.  And  yet  it  is  ]>recisely  in  these 
cases  of  chronic  nephritis  that  most  exquisitely  acuto  uneniic 
nttacks  occnr,  and  in  particular  it  is  in  them  that  the  attacks 
ATO  repeated  as  time  goes  on.  Despite  this  apparent  con- 
tradiction, tlio  connection  of  cause  and  effect  is  the  same.  For 
the  excretion  of  tho  nriuo  and  its  coustitaouts  in  chronic  ne- 
phritis jiroceeds  iu  a  regular  inannor  only  so  long  as  tho 
heart  works  with  abnormal  vigour.  When  the  heart  begins 
to  failj  oliguria  and  with  it  retention  of  the  urinary  con- 
Htituents  occors  in  those  cases  also.  Now,  it  is  an  old  expe- 
rience that  the  ura^niic  attack  even  in  coses  of  chronic  ne- 
phritis is  almost  always  preceded  hy  a  reduclii/n  of  the  nrinary 
aecrviion,  which  itself,  as  n  rnle,  depends  on  a  disiui*l>ance  of 
compensation  of  the  hyportrophied  heart.  This,  I  beliovc, 
supplies  tho  key  to  tho  paroxysms  ixicurring  during  the 
course  of  chronic  Bright*H  diHCOBo.  So  long  us  the  heart  con- 
tinues to  meet  tho  demands  made  upon  it,  tho  excretion  of 
urinary  constituents  is  perfectly  adequate,  and,  despite  the 
nephritis,  the  patients  feel  quite  well,  or  they  exhibit  certain 
pathological  eymptoms,  though  no  evidence  whatever  of 
nnomia.  But  frcmi  tho  moment  when,  for  any  reason,  tho 
functional  power  of  ihit  heart  is  reduced,  retention  of  the 
nrinary  conslitaeuts  is  uuavoidable  and  tho  danger  of  ur»mia 
arises ;  when  there  is  a  rapid  failing  off  in  the  work  of  the 
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heart,  the  signs  of  acute  urasmia,  the  urmmic  parox>yafHj  rapidlj 
develops,  sometiraes  even  more  rapidly  than  the  mechanicol 
cedema.  Since,  howevepj  the  cardiac  insufficiency  may  again 
pass  off,  the  ursemic  attack  may  be  perfectly  recovered  from, 
though  of  course  tho  danger  of  a  recurrence  of  the  sjonptoma 
is  not  thereby  averted.  That  this  is  actually  the  connection  of 
events  is  best  taught  by  the  state  of  the  pulse  of  the  patiento 
in  question.  For  the  paroxysm  is,  as  a  rule,  preceded  by  » 
short  period  during  which  the  pulse  ia  often  considerably  re- 
tarded, and  during  the  attack  itself  it  is  frequent,  ^7ta  2/,  and 
even  ivipercepiihle  to  the  fnger,  or  it  can  bo  seen  and  felt  onlj 
over  the  heart  and  carotid. "^  That  exceptions  to  all  this  are 
met  with,  I  am  well  aware.  Yet  it  does  not  appear  to  me 
especially  remarkable  that,  during  the  paroxysm  itself,  with 
its  violent  and  long-continued  convolsions,  a  considerable  in- 
crease of  blood-pressure  should  under  certain  circumstancas 
take  place ;  it  is,  in  fact,  no  more  remarkable  than  the  occa- 
sional rise  of  temperature,  and  may  even  be  regarded  as  a 
kind  of  self-regulation  by  the  organism.  It  is  also  very  pos- 
sible that  ft  rapid  reduction  of  the  urinary  secretion  in  cbronic 
nephritis  may  occasionally  be  due  to  some  other  cause  than 
weakness  of  the  heart ;  and  if  in  rare  but  well-accredited 
cases  the  urine  has  not  been  diminished  before  the  appear- 
ance of  the  convulsions,  but  has  been  excreted  in  at  least  the 
normal  quantity,  it  still  continues  questionable  whether  the 
amount  of  solid  urinary  constituents  was  also  unreduced — and 
on  this  everything  depends.  All  things  considered,  such  ex- 
ceptions should,  in  my  opinion,  only  stimulate  us  to  inquire 
into  the  pathogenesis  of  tho  urfemic  attack  in  the  individual 
cases, but  should  not  lead  us  to  doubt  our  well-founded  theory, 
supported  as  it  is  by  the  great  majority  of  observations. 

You  perceive  once  more  what  an  important  role  is  played 
by  cardiac  hypertrophj'  in  the  history  of  nephritis ;  by  its 
presence  a  rapid  overloading  of  tho  blood  with  urinary  con* 
stituents  is  made  possible,  or  at  least  greatly  facilitated  in 
chronic  nephritis  also,  so  that  acate  ursemic  paroxysms  may 
appear  in  consequence.  Where  an  adequate  hypertrophy  of 
the  heart  is  not  established,  no  matter  what  the  cacse  of  ita 
absence,  the  progress  of  a  chronic  insidious  nephritis  wiUj. 
•  Cf.  f.g.  Wftgner,  *M.  Br./  p.  63. 
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it  id  trae,  be  attended  by  an  accamulatton  of  urinary  con- 
stituents in  the  bloody  but  only  by  a  glow  and  gradual  one. 
In  these  cases,  as  a  matter  of  fact^  true  paroxysms  of  nra*niia 
ftre  usually  completely  absent,  despite  the  extreme  oliguria 
whicli  often  continues  for  months.  It  has  been  repeatedly 
and  correctly  stated  by  experienced  cliniciansj  in  particular  by 
Traube,  that  ureemic  paroxysms  are  extremely  rare  accidents 
in  amjluid  nephritis  more  especially;  and  in  truth,  nothing 
of  the  kind  has  been  observed  except  in  the  rare  cases  of 
amyloid  contracted  kidney  accompanied  by  cardiac  hyper- 
trophy :  obserTations,  which  for  the  rest  are  sufficient  of  them* 
selves  to  disprove,  were  it  necessary,  the  view  which  would 
see  in  the  amyloid  change  a  direct  obstacle  to  urtemic  intoxi- 
Ofttiou.  Tbe  explanation  is  to  be  found,  as  you  at  once  per- 
ceive, in  a  very  differcntdirection.  It  ia  not  because  of  the  pre- 
sence of  amyloid  degeuoratiuu  that  we  miss  the  urwmic  parox- 
ysms, in  the  history  of  waxy  and  butter  kidney,  but  because 
the  heart  does  not  in  these  forms  undergo  hypertrophy  ;  and 
'.despite  the  amyloid  degeneration,  hypertrophy  of  the  heart 
be  present,  a  rapid  accumulation  of  urinary  constituents 
in  the  blood  may  under  certain  circumstances  occur,  and 
tbe  preliminary  conditions  and  cause  of  the  urscmic  attack 
be  in  this  way  established.  For,  as  you  will  carefully  note, 
it  is  only  the  acntt  uracmic  paroxysm  that  is  such  a  great 
rarity  in  amyloid  kidney ;  the  symptoms  of  chronic  nra?mia 
are  far  from  uncommon  in  amyloid  nephritis,  and  would  cer- 
tainly much  more  frequently  close  the  soene,  did  not  various 
inttammatory  and  other  processes,  soon  to  be  discussed,  still 
earlier  terminate  life.  The  picture  of  chronic  uriBmia,  as 
above  described,  is  consequently  more  frequently  observed 
in  hiliUeral  hydronephroseSj  which  depend  on  gradually  de- 
veloping stenosis  of  the  ureters,  and  are  accompanied  by  a 
slow  but  steadily  increasing  olignria,  than  in  sabacuto  and 
■chronic  nephritis  without  cardiac  hypertrophy. 

Nor  can  the  connection  between  the  digestive  dititurhamwH 
and  the  uremia  fairly  be  questioned.  Not  that  every  atUick 
of  vomiting  or  diarrhoea  in  renal  disease  is  unemic  in  its 
origin  !  When  vomiting  occurs  in  a  person,  in  one  of  whose 
ureters  a  calculus  has  become  fixed,  it  is  duo  to  the  same 
reflex  which  is  at  other  times  initiated,  for  example,  by  an 
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impacted  gall-stone,  and  obstinate  diarrhcea  in  a  patient 
with  large  waxy  kidneys  maj  rery  often  be  referred  to  the 
simnltaneons  presence  o!  amyloid  degeneration  of  the  intes- 
tine. Bat  even  if  these  cases  be  neglected,  varioas  dyspeptic 
disorders  are  some  of  tbe  reiy  commonest  symptoms  of  those 
renal  diseases  under  the  influence  of  which  the  excretion  of 
urine  is  abnormally  reduced,  and,  like  the  nerrons  nraemic 
phenomena,  they  set  in  with  greater  violence  in  proportion 
to  the  rapidity  with  which  the  overloading  of  the  blood  with 
arinary  constituents  has  been  brought  abont.  Violent  vomit- 
ing, as  has  been  mentioned  more  than  once,  usually  precedes 
the  nreemic  paroxysm ;  moreover,  the  organism  ia  wont  to 
react  by  vomiting  to  the  retention  of  urinary  oonstitnents  still 
earlier  than  by  nervous  symptoms,  so  much  so  that  the  latter 
may  even  be  held  in  check,  or  at  any  rate  deferred  by  the 
copious  emesis.  As  a  matter  of  fact,  this  vomiting  relieves 
the  body  and  its  juices  of  the  accumulated  urinary  consti* 
tuents ;  nevertheless  I  should  hesitate  to  regard  it  as  a  kind 
of  vicarious  excretion  by  the  gastric  mucous  membrane. 
Though  I  am  perfectly  conscious  that  the  mechanism  of  these 
processes  is  far  from  being  fully  cleared  up,  still  everything^ 
appears  to  favour  the  idea  that  the  ursemic  vomiting  is  centraL 
The  easily  diffusible  unnary  constituents,  above  all  the  urea, 
pass  into  most  of  the  secretions,  amongst  others  into  the  gas* 
trie  juice  and  the  digestive  juices  which  are  poured  outinto  the 
intestine,  but  the  urea  present  in  the  stomach  does  not  give 
rise  to  the  omesis ;  the  vomiting  centro  is  directly  stimulated 
by  the  blood  which  is  overloaded  with  urea,  and  causes  the 
ejection  of  that  present  in  the  stomach  along  with  its  other 
contents.  That  this  is  the  connection  of  events,  in  my  opinion 
follows  conclusively  from  Voit's  experiment,  in  which  a  dog^ 
was  given  urea  by  the  mouth ;  for  the  vomiting,  far  from  en- 
suing rapidly — at  the  time,  that  is,  when  the  substance  was 
contained  in  greatest  abundance  in  the  stomach — ^took  place 
only  when  a  considerable  quantity  had  passed  into  the  blood 
by  absorption.  The  urea,  while  undecomposed,  is  no  more 
capable  than  are  the  other  urinary  constituents  of  giving  rise 
to  vomiting  by  direct  irritation  of  the  gastric  nerves,  and 
that  it  is  always  at  once  converted  in  tho  stomach  into  am- 
nftonium  carbonate  is  simply  a  myth.     After  ligature  of  the 
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urotersj  the  matters  vomited  during  the  first  few  days  have 
coDstantly  an  acid  reaction^  and  only  during  the  period  pre- 
ceding death  can  ammonium  carbonate  as  a  rule  bo  detected 
therein.  In  nephritis  also  the  reaction  of  the  vomit  is  mostly 
acidj  and  many  investigstors  have  obtained  nndecomposcd 
urea  from  it ;  the  much-viUGed  penetrating  ammoniacal  udonr 
is  only  rarely  given  oH  by  the  vomited  matters,  except  in 
the  moHt  severe  uraemia  due  to  renal  disease,  where  the  patient 
lies  in  profound  coma.  Voit's  experiment  teaches  further 
that  the  retention  of  water  is  not  responsible  for  the  vomit- 
ing. IJartela,  in  conformity  with  hia  other  views,  was  ready 
to  attach  great  importance  to  the  retention  of  water  as  a  cause 
of  vomiting,  and  believed  that  he  had  repeatedly  convinced 
himself  that  the  gastric  mucous  membrane  Hhared  in  the 
uephritio  oedema,  and  thus  gave  rise  to  the  emesis.  Yet 
tu  Bay  Qothing  of  the  doubt  as  to  whether  ccdema  of  the 
mucous  membrane  of  the  stomach  can  possibly  bo  produc- 
tive of  vomiting,  this  localisatiou  of  it  is  at  any  rate  oz- 
tremely  oucommoD,  and  for  the  great  majority  of  caties,  tt.  g, 
the  emesis  of  acute  nephritis,  and  that  occurring  during 
the  ureemic  paroxysm  in  chronic  Bright's  disease,  we  must 
uncomlitionally  reject  this  explanation.  The  condition  of 
things  iH  less  clear  in  the  diurrhtjea  of  renal  disease,  a  less  com- 
mon symptom  than  vomiting.  A  more  important  part  is  cer- 
tainly played  here  by  the  decomposition  into  ammonium  car- 
bonate of  the  urea  excreted  into  the  intestine,  if  for  no  other 
reason,  because  the  alkaline  reaction  of  the  small  inteatine  is 
much  more  favorable  to  the  process.  Moreover,  diphtheritic 
enteritis  is  a  comparatively  frequent  discovery  in  persons  who 
have  perished  from  chronic  nephritis ;  it  chiefly  atlacks  tho 
caocum  and  ascending  colon,  aqd  may  unhesitatingly  be  re- 
ferred to  the  corrosive  effects  of  the  ammonia.  Still,  dia- 
rrhcca  of  a  non-dysenteric  character  often  occurs  in  nephntis, 
and  can  no  more  be  attributed  to  the  action  of  the  ammonia 
than  can  the  purging  which  so  rapidly  follows  ligature  of 
the  ureters  in  the  rabbit.  We  are  as  yet  unable  in  these  cases 
to  accurately  define  the  mechanism  by  which  the  augmented 
peristaltic  action  is  brought  about ;  yet  you  will  hardly  go 
astray,  I  think,  if  you  regard  ihe  accuvvtilaUon  of  urinary  co7i- 
siiiuenU  in  the  blood  as  the  real  detenuiuing  factor  in  this 
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xnstacce  alsc.  Whec  iz^  accT:z.aIadoii  tmkes  piftoe  rmpidlr, 
Tiolert  T:=.:r>z  U  ;ie  res-Ii,  scd  in  nbbiu,  as  well  as  some- 

ticc^s  I"  z:  ?.—.  rroftei^  ^liArrhoea.  Whea  the  aocamnlatioii  is 
grad^allj  d-rTrlcped  and  persinent,  the  Tomiting-  may  be 
rep«a:«d  ^Ij  for  ve^ks  uid  mcachs ;  a  slight  bot  obstinate 
diarrLcea  znaj  also  ccccr,  acd  the  patients  oomplain  iiice»- 
santlj  of  -arans  of  app«cice,  tAzseA,  and  Tarioos  dyspeptic 
STrnpcoms. 

That  the  pmriiu*  of  th-s  ttia  in  renal  disease  depends  on 
the  accTunoIation  cf  niicarj  o^nsiicnents  in  the  blood,  appears 
ertremelv  probable  to  me,  in  riew  of  the  fact  that  it  is  in- 
Tariablv  associated  with  Eerions  nerroas  STmptoms  of  anemic 
origin.     The  same  thing  nndoabtedly  applies  to  the  severe 
asthmatic  paroryfm*j  while  the/«^^  intenfi  dy$pnaeic  troubles 
of  which  patients  with  chronic  nephritis  hare  so  frequently 
to  complain,  mast  probably  be  anribnted  to  the  enlar^ment 
of  the  heart.     As  regards  the  tendency  to  hsmorrhaffes    it 
is  CTident  that  they  cannot  simply  be  referred  to  the  nrsenuc 
blood-poisoning,   inasmuch  as  an  accurate  analysis   of   in- 
dividual  cases  shows  chat  the  haemorrhagic  diathesis   and 
the  urinary  retention  are  far  from   running  parallel.      Xo 
haemorrhage  occurs  in  acute  nephritis,  in  chronic  inflamma- 
tion   unaccompanied    by    cardiac    hypertrophy,    and    more 
especially  in  large  waxy  kidney ;  the  form  of  renal  disease 
in   which   it   is   chiefly  observed   is   chronic  nephritis  tciih 
hypertrophy  of  the  heart.     Persons  with  typical  contracted 
kidneys  are  those  most   liable  to   perish   as   the   resnlt  of 
copious  hsemorrhage  into  the  brain,  aud  it  not  uncommonly 
happens  that  they  more  especially  are  attacked  by  apoplexy 
while  in  a  condition  of  perfect  well  being,  and  before  the 
renal  disease  has  betrayed  itself  by  a  single  symptom.      Bnt 
even  when  a  person  well  known  to  be  suffering  from  Bright's 
disease  gets  an  apoplectic  seizure,  this  accident  does  not  usu- 
ally occur  during  a  period  in  which  compensation  is  disturbed^ 
and  wo  are  therefore  likely  to  be  correct  in  regarding  an 
abnormal  rise  of  arterial  pressure  as  the  cause  of  the  cerebral 
hflsmon'hnge.     The  vessels  that  rupture  are  not^  of  coarse, 
healthy ;  they  are  the  arterial  branches  which  in  all  persons 
over  a  certain  age  so  frequently  become  the  seat  of  aneurysms 
or  atheromatous  disease,  and  are  unable  to  withstand  the  hi^h 
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internal  pressure;  in  ibis  way  it  becomes  intelligible  that 
the  cerebral  hsemorrbages  of  the  nepliritic  are  wont  to  oc- 
cupy the  same  regions  which  are  the  characteristic  seats  of 
the  apoplexy  depending  on  old  disease  of  the  vessels^  t.  e.  pre- 
ferably the  corpora  striata  and  ihalami  opiici.  Yet  these 
bulky  hsemorrhages  of  the  nephritic  do  not  constitute  the 
real  difficulty ;  it  is  rather  tho»o  bleedings  in  which  a  rup- 
tured vessel  cannot  be  discovered  that  elude  explanation.  I 
refer  to  the  puncliform  hemorrhages  which  are  sometimea 
found  scattered  in  very  large  numbers  over  the  entire  brain 
in  persona  who  have  died  in  or  after  a  unemic  paroxysm^ 
further  to  the  hleedinyv  of  the  retina  in  retinitis  albuminurica^ 
and  lastly  to  the  hxmorrhage9,  sometimeB  several  times  re- 
peated,/r<n;i  the  note,  stomach,  and  intentiite^.  Of  these,  the 
punctiform  retinal  heamorrhagoH  have  given  rise  to  most  in- 
vestigation and  discussion,  but  precisely  here  the  question 
18  complicated  by  the  other  remarkable  changes  always  pre- 
sent in  specific  retinitis  albuminurica.^  These  changes  coa- 
aist — to  select  at  least  the  main  features — in  white  spots  and 
jttreahSf  from  the  most  minute  specks  to  pLiques  as  large  as 
the  papilla,  which  in  both  eyes  snrronnd  the  papilla?  and  are 
usually  most  numerous  and  closely  aggregated  at  the  temporal 
side.  In  the  moat  severe  cases,  the  pnpillte  aro  at  the  same 
time  clouded  and  swollen,  and  during  the  subsequent  course 
of  the  affection  the  whitish  plaques  spread  and  coalesce  re- 
peatedly with  one  another,  while  the  loss  of  acuteuess  of 
vision,  with  which  the  retinitis  commenced,  goes  on  steadily 
increasing.  However  characteristic  and  well-known  these 
appearances  are,  wo  have  not  yet  obtained  an  accurate  insight 
into  the  development  of  the  disease  and  the  conditions  of  its 
origin.  True,  ophthalmologists  have  accurately  followed  the 
course  of  the  affection  in  innumerable  cases  by  the  aid  of 
the  ophthalmoscope,  and  we  are  consequently  better  acquainted 
with  this  retinitis  than  with  many  other  chronic  processes — 
knowing  as  we  do,  that  ic,  as  a  rule,  begins  with  extreme 
beemorrhagic  hypenomia  of  the  retina,  that  white  spots  sub- 
ficquently  make  their  appearance,  at  first  isolated  and  rery 
minute,  but  constantly  increasing  in  number  and  size,  while 
the  hypencroia  become  retrogressive.  Nor  is  there  any  want 
*  Cf.  LolMir, '  Knwkbettiui  der  Nctzhiat/  Leijjbig,  1877,  p.  57a. 
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j'uvt  it  <tiy»p».'i*  'iif'irii*  4^  ;.«  %/j\r'.^  :  h  has  neTvr  been 
;;.^^  vhl  i:>  tlrr  ^'Jhnrziy-r  '.f  rerAl  d:f«=4i^.  sad  bil  already  ad* 
y^ziC^  r**!iisi.»  Lfcs  r¥r»r*a»i«iiT  its*^  •;<»rTTrd  to  recede  and 
evf;:^  vo  cofLplei^lj  i^^  a^s  li^e  r.'er'lri^^  iakprc>Ted.  Bat  ii* 
view  of  tL«:  fii£si:^1*tr  gi-rmrrifcrtses  ::ih-ierc>:>z2e  fay  the  veaal 
f ui:tCtio&  a&d^r  tL^  ijjf  nence  of  &  neplintif,  this  fact  alone  is 
i»M  a  gr^:at  h/idltioD  to  Mxr  ki^ow-jcdge,  and  roa  will  certainly 
Sfc^k  ai  oiiCf:,  in  what  form  of  renal  infiammation  does  the  re- 
tinitis occur?  A5  regards  this  point,  all  observers,  from 
the  timo  the  aSTectiorj  was  fir^i  noi-gnifed  down  to  the  pre- 
Mjfit  day,  are  a^eed  that  in  the  -rast  majority  of  instances 
retifiitis  albur/iinurica  occars  daring  the  coorse  of  chronic  ne- 
j/hriiiM  aJtMf^uU':d  rrith  cardial  h^j-ertrophy.  So  much  is  this 
the-  caKf;  that,  at  a  time  when  the  retinitis  had  been  known  for 
a  nar/iber  of  years,  Tranbe  and  Graefe  declared  that  they  had 
litiwur  rnc't  with  an  instance  in  which  hypertrophy  of  the  heart 
WHfi  absent,*  and  if  since  then  the  hypertrophy  has  not  been 
di^Un'.U'A  in  a  few  cases  of  fresh  retinitis,  these  were  always 
iiiKtanccH  of  primary  or  secondary  acute  or  subacute  ncphritia, 
will  oil  were  tof;  recent  to  have  brought  about  the  cardiac 
change,  but  were  yet  by  their  nature  well  adapted  to  do  so. 
For  the  rent,  them.*  canes  in  which  the  retinitis  is  observed 
ill  MMch  early  HtageM  of  the  renal  disease,  are  the  very  rare 
uxoiipticfriH  ;  in  iho  onorrnous  majority  of  all  acute  inflamma- 
tioMM  of  tho  kidneys,  the  retina  shows  no  trace  of  the  specific 
altoratiouH.  It  also  cHcapes  in  chronic  nephritis  anassociated 
*  Traobe,  'Get.  Abhandlangen/  ii, p.  985. 
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with  canliac  byportrophy  ;  tbus  it  is  never  affected  in  casoji 
of  large  waxy  kidney^  while  tho  disease  bus  several  times 
bucu  uueo,  by  Tmubu  amuugst  others,  in  amyloid  contracted 
kidney  with  hypertrophy  of  the  Iieart.  As  you  perceive^ 
tho  retinitia  of  Bright's  disease  displays  certain  analogies 
in  its  appearing  with  tho  araomic  paroxysms,  which  like  it 
are  uu  extremely  frequent  iu  chronic  nephritis  associated 
with  hypertrophy  of  the  heart,  and  practically  do  not  occur 
in  tho  absence  of  hypertrophy.  Nevertheless,  the  retinitid 
and  tho  uremic  paroxysms  cannot  be  due  to  the  same 
cause ;  for  the  paroxy&ms  form  an  integral  feature  of  tfao 
picture  of  acute  nephritis  as  well  as  of  sudden  suppression 
of  the  urinary  secretion  generally,  while  though  uriomic  amau- 
rosis does  occur  iu  these  cases,  retinitis  albuminurica  does  not. 
The  latter  is  a  conspicuously  rhronic  affection,  and  cannot 
consequently  bo  induced  by  rapid  overloading  of  the  blood 
with  urinary  constituents.  Yet  a  connection  between  it  and 
chronic  accumulation  of  the  urinary  constitncut^  in  the  blood 
is  oqually  impossible,  since  it  is  also  absent  in  cases  of  chronic 
nra-mia.  Tlius  in  spite  of  nil  our  scruples  on  ayriori  grounds, 
wo  aru  obliged,  like  IVaube,  to  have  recourse  to  the  cardiao 
hypertrophy  and  high  arterial  leusion,  and  to  regard  them 
as  at  least  very  potent  factors  in  its  production.  I  do  not 
conceal  from  myself  the  various  objections  to  which  this  view 
is  open.  If  tho  hypertrophy  of  the  heart  and  tho  high  arte* 
rial  pressure  actually  bring  about  the  conditions  necessary 
to  the  development  of  tho  retinal  disease,  why  is  such  disease 
never  observed  iu  other  forms  of  so-called  idiopathic  hyper- 
trophy, (I. «/.  in  nervoDs  cor  bovinum  ?  And  then,  how  aro 
vru  to  conceive  of  tho  production  of  this  retinitis  on  the  basis 
of  the  high  arterial  tension  ?  To  regard  the  retinal  ha3mor- 
rhagea  as  the  primary  effect  is  sc-arcely  legitimate,  because, 
though  wo  observe  such  hasraorrhages  in  other  conditions, 
they  aro  never  followed  by  the  highly  cliaracteriatic  degenera- 
tions ;  moreover  the  uffcfction  does  not  begin  with  simple 
bwmorrhnge  but  with  a  more  or  less  extensive  hwrrnfrrhagic 
hyperwrnia  of  the  retina. 

Ou  the  other  hand,  iu  the  bleedings  taking  place  in  the 
nephritic  from  tho  nose  und  gastro-intestiual  canal,  wc  have 
to  do,  not  with  hajmorrhagic  inflammatious,  but  simply  with 
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-tme  hiemorrliages ;  vet  as  regsrds  the  oonditioiis  on  wLich 
these  depend,  we  are  equally  in  the  dark.  We  do  not  even 
kncfw  whether  tbev  occur  per  rherin  or  per  diapedenn  !  That 
the  attacks  are  acate  is  bej'ond  qaestion,  especuJly  as  regards 
the  epiftazis  ;  and  since,  so  far  as  I  know,  they  oocnr  only 
daring  the  coarse  of  chronic  nephxitis  with  hypertrophy  of 
the  heart,  it  is  natural  to  draw  a  parallel  between  them  and 
the  cerebral  haemorrhages  in  this  disease.  Yet  yon  will  noc 
look  upon  this  idea  as  more  than  a  suggestion  having  no 
greater  value  than  the  view  which  refers  the  pnnctiform 
luemorrhages  of  the  brain  in  the  ursemic  to  the  convulsions. 
Though,  as  yon  perceive,  we  can  hardly  throw  the  respon- 
sibility of  the  so-called  hsemorrhagic  diathesis  of  the  nephntic 
on  the  overloading  of  the  blood  with  urinary  conatituents, 
there  is  much  less  objection  to  our  accepting  a  connection  of 
this  kind  in  explanation  of  the  tendency  of  the  nephritic  to 
inflammatory  procewe^.  For  thoagh  no  form  of  nephritis  en- 
joys per  se  an  immunity  from  these  inflammations^  yet  they 
are  wont  to  set  in  only  when,  as  the  resolt  of  the  renal  affec- 
tion, the  excretion  of  urine  has  for  some  time  been  abnor- 
mally reduced.  Thus,  it  is  something  quite  common  for  a 
pneumonia,  or  a  phlegmonous  erysipelas  to  bring  about  the 
fatal  termination  in  acute  nephritis ;  moreover,  persons  suffer- 
ing from  chronic  nephritis  more  often  die,  in  the  stage  of 
disturbance  of  compensation,  from  an  attack  of  erysipelas, 
pericarditis,  phlegmone  circa  glottidem  or  pneumonia  than 
from  a  urcemic  paroxysm,  and  in  amyloid  nephritis  a  peri- 
tonitis or  bilateral  pleuritis  not  uncommonly  closes  the  scene ; 
fintiUy,  the  last  weeks  of  life  of  patients  with  bilateral  stenosis 
of  the  ureters  are  often  disturbed  by  the  occurrence  of  such 
inflammations :  that  all  these  inflammatory  affections  have  a 
certain  tendency  to  become  purulent,  I  have  already  told  you. 
Now,  I  am  not,  it  is  true,  in  a  position  to  accurately  state 
the  mode  of  origin  of  these  inflammations  in  the  nephritic ; 
still  it  appears  to  me  to  be  thoroughly  conformable  to  oar 
other  conceptions  of  the  life  of  the  vessels  that  we  should 
ascribe  to  the  accumulation  of  urinary  constituents  in  the 
blood  a  pernicious  effect  on  the  condition  of  their  walls,  of 
such  a  kind  that,  on  the  one  hand,  trifling  causes  sofl^ce  to 
-set  up  considerable  inflammationsi  and,  on  the  other  handj 
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tliat  inflammations  however  originating  mn  in  these  patients  a 
particularly  severe  course.  It  is  possible  that  the  retention 
not  only  of  the  solid  urinary  constituents  in  the  blood  but  of 
the  water  as  well  may  play  a  part  here,  that  the  inflammation 
is  not  merely  ursBmic  but  also  hydrsBtnic  in  its  origin.  It  ia 
scarcely  feasible  to  distinguish  between  the  two  in  nephritis^ 
since  the  retention  of  the  solid  urinary  constituents  and  water 
of  the  urine  occur  pari  passu,  Tet  the  fact  that  persons  in 
whom  hydrssmia  has  been  produced  by  some  other  cause  are* 
not  attacked  by  such  severe  inflammations  renders  it  probable 
that  the  chief  stress  should  be  laid  on  the  ursemia^  t.  e.  on 
the  overloading  of  the  blood  with  solid  urinary  constituents. 
If  this  be  correct,  yon  will  now  understand  why  I  recently  (vol. 
iiij  p.  1292)  raised  the  question  whether  some  of  the  oedemas 
in  renal  disease  should  not  be  attributed  to  the  retention  of 
the  solid  urinary  constituents  in  the  blood.  As  regards 
oedema  glottidis  of  nephritic  patients,  no  one  entertains  a 
doubt;  I  think,  as  to  its  inflammatory  nature ;  but  who  knowa 
whether  many  an  ascites,  hydropericardinm  or  anasarca  set- 
ting in,  say,  during  the  course  of  an  amyloid  nephritis,  is  not 
of  inflammatory  origin,  t.  e.  the  product  of  a  secondary  ursemic 
inflammation  ? 
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CHAPTER  I. 

THE   EEGTJLATION   OF  TEMPEBATUBE. 

jSource  of  the  hlood-heaL — Means  of  regulation  hy  which  a  con- 
stant bodily  temperature  is  maintained, — Regulation  in 
presence  of  altered  heat-production  and  of  variations  in  the 
temperature  of  the  surrounding  medium, — Regulation  hy  in- 
creased production  of  heat  lohen  the  external  temperature 
is  low, — Lim^its  of  the  regulative  capacity. — Tetanus, — 
Cooling  and  freezing. — Overheating. — Sunstrolce, 

Failure  of  regulation, — Deficient  production, — Samuel's 
experiments, — Failure  of  the  regulative  mechanism  hy 
loss  of  heat. — Disturbances  of  the  circulation  through  the 
vessels  of  the  slctn. — Cutaneous  hyperemia. — Varnishing 
and  scalding. — Solutions  of  continuity  of  the  spinal  cord 
and  other  injuries  of  the  central  nervous  system. — Experi- 
ments.— Explanation. — Rise  of  temperature  during  the 
agony. 

Stadium  algidum  of  cholera, — Post-mortem  rise  of  tent' 
perature. 

Not  without  good  reason  was  it  contrived  that  the  human 
organism  should  in  health  possess  an  approximately  constant 
temperature  of  about  37'2°,  independently  to  a  certain  extent 
of  the  heat  of  surrounding  objects.  For  this  is  the  most 
favorable  temperature  as  regards  the  activity  of  all  ike 
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orgnns ;  all  the  bodily  fmictions  then  take  plnco  most  ener- 
getically, or,  at  any  rale,  in  that  manner  which  iu  best  suited 
to  the  body  and  its  purposes.  That  this  is  the  case  you  have 
learned  from  physiology,  and  durinf^  the  course  of  those  lec- 
tures yon  have  also  on  very  dilTcrent  occasions  become  ac- 
quainted with  deviations  from  the  normal  bodily  temperature 
an  cauBCB  of  more  or  less  severe  disturbance  of  function.  The 
conditions  on  which  this  constant  temperature  of  the  body 
depends  are  well  known  to  you.  For  you  are  aware  that 
httaf.  %H  continually  jtrodnnul  by  the  rhemical  processes  taking 
place  in  the  organism,  and  in  such  quantities  on  the  average 
as  would  suflice  io  warm  the  body  in  half  an  hour  by  almost  i**, 
and  consequently  in  twenty-four  hours  to  48°,  t.  e,  to  an  ele- 
vation incoin]iiitiblo  with  life.  That  this  does  not  happen  is 
owing  to  the  continuous  losa  of  heat  undergone  by  the  or- 
ganism ;  and  it  is  the  equilibrium  between  production  and 
loss  tJiat  secures  the  maintenance  of  the  bodily  temperature 
at  an  almost  unvarying  height.  It  is  hardly  necessary  to  toll 
you  that  production  and  loss  are  not  evenly  distributttd  over 
the  body.  Ilather,  wo  c^n  point  to  a  number  of  organs — 
chiefly  the  mnscles  and  glands — as  the  essential  seats  of  its 
production,  while  heat  is  lost  principally  from  tho  sur- 
face and  also  from  the  lungs,  owing  to  tho  evaporation 
iiud  warming  of  tho  inspire<l  air  there  taking  place  :  the 
amount  of  heat  removed  with  the  urine  and  fieces  is  so  slight 
as  to  completely  fall  into  the  shade.  With  «uch  extreme  and 
striking  inequalities  on  the  part  of  the  various  regions  of  tho 
b«)dy,  it  would  clearly  bo  indefensible  to  speak  of  a  definite 
bodily  temperature,  were  it  not  that  the  equnlisation  of  these 
diff(Tenees  is  provided  for  by  the  conduction  of  heat  from 
organ  to  organ  and  from  tisHU(!  to  tissue,  and  in  a  mnch 
higher  degree  by  tho  circulating  blood.  Tho  blood  leaving 
the  thermogenic  organs  is  mixed  with  that  returning  from 
the  skiu  to  tho  interior,  and  since  tho  blood  with  its  tem- 
perature thus  modified  now  flows  throngh  innumerable  most 
minnto  and  closely  aggregated  channels  in  every  part  of  the 
body,  tho  heat  of  tho  blood  becomes  the  heat  of  the  body. 
Still  it  is,  of  course,  ont  of  the  question  that  all  parts  of  tho 
body  should  have  acon.stant  temperature  of  37°  approximately. 
In  reality  this  applies  only  to  the  internal  parts,  which  ecu- 
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stitute,  it  is  true,  the  greatly  preponderating  mass  of 
body,  while  the  surface  from  which  the  contianons  cooling' 
takt'S  place  varies  greatly  in  warmth,  but  is  always  cooler  than 
the  interior;  between  the  two  is  an  intermediate  zone,  in 
which  gradual  transitions  occur  from  the  higher  temperature 
of  the  interior  to  the  lower  temperature  of  the  exterior,  a 
zone  which  is  thicker  in  proportion  to  the  amount  of  beat  lost 
at  tlie  corresponding  portion  of  the  surface.* 

That  a  definite  constant  temperature  of  the  human  organ- 
ism  should  in  this  way  be  secured  by  the  equilibrium  between 
production  and  loss  of  heat  is  less  remarkable  than  is  the 
maintenance  of  ihia  constancy  under  very  tUsatniilar  inlemal 
and  external  conditions.  On  remembering  the  extraordinary 
differences  to  which  the  heat-production  is  liable  as  the  result 
of  muscular  exertion  and  of  the  consumption  of  food,  and  on 
considering  how  wido  are  the  limits  within  which  the  loss  of 
heat  varies,  according  to  the  temperature  and  moisture  of  the 
surrounding  medium^  it  is  impossible  to  doubt  that  tbe  or* 
ganism  must  have  command  over  very  perfect  regulative  me* 
ehanisTns,  when,  despite  such  variations,  it  can  maintain  its 
temperature  constant.  The  body  is  in  fact  provided  with  the 
means  of  regulating  both  the  loss  and  the  production  of  heat, 
although  the  former  are  the  more  effective.  They  it  is  in 
particular  that  assert  themselves  promptly  and  energetically 
in  opposition  to  alterations  in  heat-productioiu  While  the 
number  of  respirations  iu  a  resting  and  fasting  man  is  mode- 
rate and  his  skin  generally  is  pale,  cool  and  dry,  and  supplied 
only  by  a  moderate  quantity  of  blood,  all  this  is  altered  during 
digestion  and  especially  during  energetic  muscular  exertion  ;  ^J 
the  respirations  then  become  frequent,  the  skin  more  or  less  ^| 
tnrgescent,  a  considerable  amount  of  blood  flows  through  the  ' 
cutaneous  vessels,  and  during  violent  exertion  the  skin  ia  ^M 
covered  with  sweat.  All  this  has  long  been  familiar  to  us  ^M 
without  any  real  attempt  having  been  made  to  accurately  ^M 
elncidate  the  mechanism  by  which  the  alterations  arc  brought  ^M 
about.  True,  it  has  been  determined  by  exact  experiment  ^M 
that  when  the  temperature  of  the  blood  is  raised,  the  number  ^M 

•  Cf.  Roscnthttl,  '  Zur  Kenntniss  d.  Wiinnereffuliruu?  b.  d.  wnrmWatigrn  ^| 
TUieren,' Krlangen,  xSya,  p.  3.  et  aeq. ;  further,  in  Hennann**  '  Hdb.  ^  ^| 
Phytiolog.,'  17,  3,  p.  381.  ^H 
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of  respirations  and  of  heart-beats  is  increased ;  but  the 
greater  pulae-freqnency  is  very  far  from  involving,  as  yon 
are  aware,  an  acceleration  of  the  blood-stream  ;  and  even  were 
the  increase  in  number  accompanied  by  a  strengthening  of 
the  heart's  contractions,  this  would  not  secure  that  a  larger 
quantity  of  blood  should  now  enter  the  vessels  of  the  skin. 
In  order  that  this  may  occur,  a  dilatation  of  the  cutaneotts 
arteries  is  necessary,  of  which  vessels  I  formerly  told  you  that 
they  even  become  narrowed  against  an  increased  rush  of 
blood,  provided  the  state  of  contraction  of  the  circular  mus- 
cular coat  be  not  reduced  by  paralysis  of  the  vaso-constrictora 
or  excitation  of  the  vaso-dilators.  The  rapidity  and  certainty 
with  which  the  increased  fnlness  of  the  cutaneous  vessels 
appears  on  physical  exertion  accordingly  render  it  probable 
from  the  outset  that  the  change  is  the  effect  of  nervous  in- 
fluences ;  but  here  we  are  met  by  tho  task  of  discovering  the 
factor  through  which,  when  the  production  of  heat  is  increased^ 
the  vaso-constrictors  are  thrown  out  of  action  or,  as  appears 
more  probable  from  Heidenhaiu  and  Ostrocmoff^s  investiga- 
tions, the  dilators  are  stimulated.  This  problem  has  recently 
been  attacked  by  A.  Frankel,*  who  believes  that  he  has  dis- 
covered in  the  increased  production  of  carbonic  acid,  which, 
as  you  know,  accompanies  both  the  consumption  of  food  and 
muscular  exertion,  tho  factor  cansing  excitation  of  the  in- 
hibitory nerves  of  the  cutaneous  vessels.  But  although  he 
succeeded  in  raising  tho  tcraperaturo  of  the  skin  of  tho  ex- 
tremities in  some  dogs,  by  causing  them  to  inhale  a  mixture 
of  gases  containing  carbonic  acid,  this  result  was  far  from 
constant;  and  since  Fraukel  himself  very  correctly  points  to 
several  circumstances  which  might  in  this  mode  of  ex- 
perimenting unfavorably  influence  the  results,  it  appears  to 
me  that  tho  entire  question  is  not  finally  settled  by  his  in- 
vestigation, however  much  the  line  of  reasoning  may  have 
p€T  86  to  recommend  it.  But  although  the  question  of  the 
mechanism  engaged  is  perhaps  still  open  to  discussion,  the 
fact  itself  is  securely  established,  and  its  value  in  the  regu- 
lation of  temperatnro  is  sufficiently  obvious.  For  the  loss  of 
heat  is  not  merely  increased  by  that  quantity  which  would 
correspond  to  the  elevation  of  the  heat  of  the  skin  depend- 
•  A.  Frankel/Zoitsckr.  f.  Win.  MedV  i,  Hft  i. 
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ing  ou  lliB  geuoral  augmoutatioa  of  heat-production^  batti 
abundant  flow  of  heated  l)lood  proceeding  from  tbe  intei 
partii  still  furthur  raises  the  toiuperaturo  of  tliu  skin,  asiiltlii 
increases  the  toss  of  heat  to  tho  fiurrouuding  medium. 
mode  in  which  the  iucreafiod  heat-producliou  giveo  rise 
the  secrelwn  of  rtweai  is  still  simpler.      For  the  resoftrchctt 
Lachsingor^  have  taught  us  that  tho  increaso  of  tho  hl< 
heat  constitutes  a  direct  stimulus  for  the  centre  of  the  &yei 
nerves.      How  gre;i(i  an  amount  of  heat  is  wiilidniwu  by 
rapidly  evaporating  sweat  need  not  be  more  particulurlj 
stated. 

Moreover,  when  the  bodily  beat  is  threatened  //y  very 
tense  variations  of  the  femperalure  of  the  summndint^  nuidii 
tho  mechanisms  regulating  the  loss  of  heat  nio  brongkiinl 
pluy.  In  a  cold  atmosphere  the  skin  is  jjale,  or, 
correctlyi  pole  bluish,  and  the  cutaneous  vessels  are 
traotcd,  so  that  very  little  blood  flows  toward  thu  sarface 
as  a  rcsulti  the  skin  soon  acquires  a  temperature  approael 
that  of  the  cool  medium^  and  consequently  the  loss  of  warml 
by  conduction  and  radiation  is  essentially  reduced.  Con» 
vcraely,  the  dilatation  of  tho  cutAncHiuA  vessels  taking  pli 
in  warm  surroundings  facilitates  tho  loss  of  beat  iu  a  hi] 
degree,  while,  as  already  noticed,  the  high  temperalnre 
forth  a  profuse  secretion  of  sweat,  which  hitter  itself 
attended  by  a  considerable  loss  of  heat,  though  tho  yielil 
conduction  is  reduced  to  a  very  8ma11  atnoant  owing  to 
high  temperature  of  the  air.  Hnrrmn  beings  also  ha^ 
tlie  means  of  aiding  these  regulative  mechanisms  notmerolj 
by  wearing  good  conducting  matoriak  during  tho  wi 
season  uf  tho  year  and  by  withdrawing  heat  by  cold  balhinj 
but  more  especially  by  confining  the  heat-prodaction  iritl 
narrow  bounds  tlirough  avoiding  as  far  as  possible  al)  znu^ 
cular  exertion.  In  a  cold  clima(<*,  on  the  other  hand,  mi 
clothes  himself  iu  poorly  conducting  matoriols  and  urii 
ficially  hcttt*  his  dwelling,  while  he  seeks  to  ineren  '  " 
production  by  consuming  more  food,  luid  :ibovo  i'  _ 
ottiA  movoment.s  luid  nthnr  mnsoular  exertion,  Such  an  au^ 
mentation   of    t*^     ^      *  -^  ,"     -:  ^  dainly  ai 

JDCrthod  of  koe]  re  ui'iif.  ■. 

^  TitiolwlJBicer.  •  Pfliiff.  A.,'  liv,  !►.  jfii^ 
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Tation  (le&pite  tbe  increased  Iosh  of  heat ;  yet  it  can  scarcely 
h«3  called  a  tmtural  moans  of  regulation  by  tho  or^inisni. 
Such  meaiiH,  however,  exist.  I  do  not  refer  to  tbe  chnttering 
*}i  the  tcethj  the  ahiveriag  and  shaking  by  which  a  person  is 
^loized  in  the  cold,  but  to^/i«  iuf^reaee  of  the  vittahuttJtin  which 
tAkes  place  in  conamjwnrv  uj  rcvimnintj  in  a  mfdinm  of  low 
iemjjtralitrt.  Since  as  early  a  period  as  tho  end  of  bhe  last 
century,  a  number  of  writers*  have  assumed,  on  more  or  loss 
convijicing  grounds,  the  ucourrc^iioe  of  such  a  regulative  in* 
crease  ;  and  at  a  nioru  recent  period  Liebermeisterf  espe- 
cially has  declared  himself  ernphaticnlly  in  favour  of  tho  view  ; 
yet  it  cannot  be  claimed  that  tho  methods  eiupUiyed  by 
himself  and  Lis  pupils  were  atlapted  to  convince  us  of  tlie 
correctness  of  his  ideas.  Ilenco  it  happened  that  r.he  objec- 
tions raisiod  by  Senator,  Winteniitx  and  othnrsj  to  Lit-ber- 
meisior's  oonclnsions  were  the  means  of  groatly  discrediting 
tho  regulative  increase  of  production,  till  durintr  the  htat  few 
years  u  series  of  researoheSj  in  all  respects  exiu't,  which  have 
been  carried  out  in  the  laboratories  of  Pfliiger§  and  YoitH 
havr  positively  decided  the  quei^tion.  At  present  it  may  lie 
regarded  as  fully  esUiblislied  that  when  the  imrroundiuij  tern- 
jiHraiute  i*  liyv},  tho  i)jeidaUve  ffrocesMM  of  tho  humun  hody,  an 
well  as  of  warm'hhijded  tntimaUf  itn^Iettjo  a  considerable 
ouffmrtUationf — so  long  nt  least  as  the  bodily  "ttartnth  iloos 
not  suffer  through  the  external  temperature.      The  animals 

•  For  a  really  complete  summary  of  tho  r^Bmirchi**  teariii|^  on  this  »ub- 
ject,  MO  Voit,  •  Zcitifc'hr.  f.  Biolog./  xiv,  p.  37, 

t  Li»)«rmeiiit«r,  *A.  f.  Annt.  u.  Phvfiiol..'  i860,  pp.  5J0.  589:  1H61, 
p.j8;  iS6j,  p.  661  ;  '  iVulwrh.  A.  f,  klin,  MtMl.,'  v,  p.  117;  vii,  p.  75;  x, 
pp.  89,  430 ;  *  VolkmnnnVhr  Vnrtrii^r,'  No.  19;  *  Hiindl).  J,  Patholg.  n. 
Thempie  d,  Fiehoi-B,"  Lcipi^',  1870,  p.  315,  ct  »c»i, ;  (jiUfmeistor.  '  Uclwr 
d.  Kolileniitturvpi*oductioii   bei    Anwenduiij^  kuller  liiidcr,'  Iua.ug.-DiKi*t'rt., 

Bos^K  1870. 

J  Senator, '  Vircb.  A.,*  xlr,  p.  351  ;  I,  p,  354  ;  '  A.  f .  Aoftt.  u.  rhyiiiol.,' 
187a,  p.  I ;  Jnrgvnft«u,  *  DeulAch.  A.  f.  klin.  McJ.,*  iv,  p.  323;  AVinlcmiti, 
•  Vireh.  A.,' Uri,  p.  503;  •  Wien.  uied.  .UKrb.*  iH;i,  p,  iSo;  Murri,  '  Lo 
Sjwri  men  tale/  1873;  Speck  ('Med.  Ctbl..'  iKSo.  No,  45)  aUu  qupstions  llmt 
influenoo  is  csertcd  by  n  cool  bath  on  the  oxidativo  pnKfi*(*»i  of  the  body. 
Ruhrig.  u.  ZnnU,  *  I*t!u|;.  A.,*  iv,  p.  57  ;  l*flui,'cr,  ibid.,  xii,  pp.  2S2, 
333,  xviii,  p.  047  ;  Odasanti,  ibid.,  tiv.  p.  91 ;  Kinkier,  ibid.,XT,  p.  603. 

II  CUrl  Tbeodur,  Duke  vt  Bavarii.  '  Z«it»cbr.  f.  Ijtulu^io/  xir,  p-  j^  • 
Voit,  ibid.,  p.  57. 
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on  which  the  experiments  in  question  were  carried  oul 
guinea-pigs  were  employed  hy  Pfliiger,  cats  by  Voit — and 
also   a   man    tested    on    the   Munich    respiration -apparatas 
showed,  in  a  cold  medium,  increased  absorption  of  oxygei 
and  elimination  of  carbonic  acid,  which  were  pretty  accnratel^ 
proportional  to  the  lowering   of  the  external  temperatm 
No  voluntary  movements  took  place  during  the  oxperiraents 
indeed,  their  subjects  behaved  with  such  perfect   qaietni 
that  nothing  whatever  of  a  remarkable  kind  was  observe* 
in  connection  with  them.      In  which  of  the  organs  or  tissues' 
this  plns-deccmposition  takes  place  has  not  as  yet   been 
certainly  determined  ;  yet  many  thiugs  go  to  show  that  we 
have  here  to  deal  with  certain  processes  in  the  muficleSj  whicl 
are  reflexly  excited  through  the  nerves  conveying  sensatioi 
of  temperature  from  the  skin,  and  which,  though  they  do  noj 
lead  to  an  alteration  in  the  form  of  the  muscles,  set  up  a  kim 
of  tenBton  in  them. 

Accordingly,  the  only  point  admitting  of  discussion  is  cb( 
quantitative  importance  of  this  regulative  involuntary  elera*' 
tion  of  the  heat-production  with  respect  to  the  maintenance 
of  our  bodily  temperature.     On  this  subject,  the  opinions 
of  the  most  competent  writers  are  at  variance.      Pfliiger  is 
inclined  to  attribute  a  very  high  value  to  this  mecbanism, 
while  Voit  believes  that  compared  with  other  means  its  im- 
portance is  essentially  very  slight.     For  the  rest,  it  is  pos8ib)e^ 
that  this  mode  of  regulation  plays  a  much  more  inQportan^f 
role,  in  wild  than  in  tame  and  less  robust  domestic  animals— ^^ 
although  the  thicker  fur  and  increased  subcutaneous  fat  with 
which  wild  animals  are  provided  during  the  cold  season  ^f 
the  year,  as  well  as  their  inclination  to  seek  the  prntoction 
sheltered  spots^  clearly  goes  to  show  that  in  them  too  thi 
regulative   increase   of  heat-production  is  insufficient, 
man,  if  obliged  to  rely  on  this  latter  alone,  would  fare  still 
worse.      For,  as  Senator*  has  shown,  a  naked  man  cannot 
maintain  his  bodily  heat  in  an  external  temperature  1ow4 
than  about  27°  C. ;   without  clothes  it  would  only  be  possible 
to  save  ourselves  from  a  considerable  reduction  of  bodili 
heat  at  the  ordinary  temperature  of  onr  rooms  by  very  am 

•  Senator. '  Virch.  A./  xlv,  p.  351 ;  I,  p.  354 ;  *  A,  f.  Aniit.  u.  Phy^*( 
1872,  p.  1. 


LIMITS  OP   BBOULATIVE   OAPACITT. 


1323 


I 


getic  muscular  exertion  and  the  consumption  of  large  quau- 
titios  of  food  ;  and  if  the  inhabitants  of  arctic  regions  did 
not  envelop  themselves  in  thick  skins,  the  regulative  plus- 
docoQipo&ition  would  certainly  not  save  thorn  from  being  frozen. 
As  for  the  occurrence  in  man  of  a  regulation  of  lieat*produc- 
tion  in  an  opposite  direction,  t,  e.  a  diminution  independently 
of  volition  of  the  oxidative  processes  when  the  external  tem- 
perature ia  high,  this  is  considered  doubtful  by  Voit,  and  at 
any  rate  he  attaches  still  less  importance  to  this  regulation 
than  to  the  involuntary  increase  of  production  in  cool  but* 
roundings :  and  it  is  also  apparent  that  even  in  a  person 
'who  is  perfectly  at  rest  and  fasting,  the  production  of  heat 
cannot  fall  below  a  definite  point  as  long  as  he  lives  and 
breathes. 

There  exist,  as  you  perceive,  a  great  number  of  very  po- 
tent agencies  by  which  both  the  production  and  loss  of  heat 
tnay  be  indueuccd  in  a  regulative  manner.  But  however  ex- 
cellent these  raeans,  and  however  well  they  are  adapted  to 
maiulaiu  a  constant  bodily  temperature  under  the  ordinary 
intoroal  and  external  couditiona — their  capacity  is  not  uh- 
limittfd ;  and  you  need,  therefore,  feel  no  surprise  should  the 
sum  of  the  natural  and  artiScial  regulative  contrivances  fail 
in  the  presence  uf  iuHueiices  which  are  calculated  to  produce 
enormous  alterations  of  bodily  temperature.  True,  during 
diniurhanccH  of  heat-jrroductxonj  there  appears  to  be  no  such 
failure  in  man.  Even  when  in  a  pathological  condition,  the 
production  of  heat  is  permanently  reduced  to  a  very  low 
standard,  the  body  does  not  grow  cooler,  provided  the  skin 
and  its  vessels  act  normally.  The  temperature  does  not 
usually  fall  below  the  lowest  normal  values  in  persons  who 
are  condemned  to  chronic  inanition  owing  to  stricture  of  the 
cesophagus,  iu  individuals  who  are  deprived  of  the  use  of  a 
great  many  of  their  muscles  in  consequence  of  a  cerebral 
affection  or  who  are  compelled  to  remain  at  rest  through  any 
other  aooident,  or  in  patients  exhibiting  the  extremest  de- 
grees-of  auiMnia;  and  if  a  slight  decrease  of  bodily  heat  is 
observed  to  attend  sufiFocative  respiratory  lesions,  the  cause 
of  this  is  not  a  diminution  of  the  oxidative  processes  but  a 
disturbance  of  the  cutaneous  circulation,  which  wo  shnll  soon 
iiare  occasion  to  discuss.     On  the  other  hand,  a  diabetic  pa- 
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tient  may  consame  enormous  quantities  of  food  of  all  kindaj 
bat  he  doos  not  therefore  become  warmer  than  a  bt.N»1tL^ 
person  ;  and  tbat  any  profuse  glandular  eccretion  could  ab.J 
normally  raise  tlie  bodily  temperature,  is  absolutely  out  of" 
the  qnestioD.      Energetic  muscular  contractions  form,  appa- 
rently, the  eolo  exception  to  the  rule.     Durin         *'  nnd* 
^rtemii'  paroxysms,  and  more  especially  in   /•  ;    iif^ 
the  traumatic  and  rheumatic  varieties,  very  extreme  terapora* 
tures  have  been  recorded  by  numerous  observers ;   teuipcra-^ 
tures  of  from  42'5*^  to  43*^  or  even  as  much  as  44*^  C.  havo^ 
been  repstered,  and  a  further  rise  to  almost  45*^  haa  occa- 
sionally been  noticed  after  death.      Here  it  is  unqn.  bly 
a  natural  tbonght,  to  refer  the  excessive  increasi'                .   taJ 
the  intense  and  wide-spread  muscular  contractions,  all  Uio) 
more  so  because  scarcely   any   energy  is  converted    during' 
these  tetanic   contractions   into   mechanical   effect :  aw    oft-, 
quoted  experiment  of  Leyden,*  who  succeeded,  by  producing 
repeated  attacks  of  tetanus  in  a  dog,  in  raising  the  tempera- 
ture in  tMo  hours  from   39*6''  to  44*8,  that  is  by  5*2",  alsO' 
appears  to  toll  decidedly  in  favour  of  this  idea.     Noverthe-i 
less,  it  is  questionable  whether  a  disturbance  of  hcat-ro^- 
lation  does  not  co-operate  in  these  cases  also.     For  while  the^ 
skin  in  tetanus  is  usually  warm  and  often  enough  covered 
with  sweat,  w©  are  ignorant  whether  in  this  disease  tlio  dila- 
tation of  the  cutaneous  vessels  is  as  marked  as  in   violent 
voluntary  muscular  exertion,  or  whether  other  factors,  anoli 
as  a  simultaneous  Htimulatiou  of  the  vaso-motors  of  the  slcin 
or  a  diminished  irritability  of  the  inhibitory  nerves,  may  nut 
here  intervene  to  disturb  regulation.      80  much  is  certain  at-' 
any  rate, — that  the  most  forced   and  persistent  voluntary 
mnscular  contractions  are  only  capable  of  raising  tho  bodily 
temperature  of  a  healthy  man,  as  a  rule,  by  but  a  fraction 
of  a  degree,  or  at  most  by   a  whole  degree,  an<l    ^  " 
temporarily.!      Calberlaif  convinced  himself  that  h 
*  Leydsn,  •  Virch.  A.,'  sxvi,  p.  538.     Cf.  aUo  Hcidonlioin, '  VAiig,  Ai 

t  Ct.  Obemi«r,  *D.  Hitz»clilag,  Insolation,  Ac./  Bona,  1867^  p<  80c 
Jiirgcnsen,  '  D.  Koriierwaiiuo  de«  gesundeu  Hensclieii,'  boijwif^,  I&73, 
p.  46;  Jaeger,  *  Ueber  d.  Korperwiirme  »les  gesnndt-n  Mrnnohcn/  F.-D.* 
Lcipfciir,  1S81  ;  also  '  D.  A.  f.  klin.  Med./  xxix,  p,  51C. 

J  Cttlberlu,  •  A.  d.  Heilkd./  xvi,  p,  276. 
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the  body  remained — contrary  to  former  stAtemcntA — almost 
coTistunt  during  several  hours  spent  in  mountain-climbing  ; 
and  Voit*  has  even  obsi;rved  the  occurrcnre  of  a  fall  of  tem- 
peraturej  owing  to  the  rapid  evaporation  of  water,  in  a  man 
working  to  the  full  extent  of  htH  powers. 

On  Iho  other  hand,  the  regulative  mecbanisoas  prove  laoch 
loss  perfect  in  presence  of  conditions  exerting  a  very  con- 
siderable inHuence  on  the  loatt  of  hrat.  If,  as  you  have  just 
heard,  the  bodily  heat  of  a  naked  man  can  be  kept  up  by  his 
natural  mimns  of  regulatitm  only  in  a  tenijieratnre  of  at  leaiit 
27^  C  ;  and  if  consequently,  when  the  external  t<*mp*-raturo 
is  lower,  the  cooling  of  the  body  can  only  be  averted  by  suit- 
able clothing  and  lodging,  as  well  as  by  a  corresponding  in- 
crease of  foo<l  and  inugeular  exertion  ;  it  iM  dear  without 
further  exjilanaiiou  that  an  imperfectly  nouriahed  and  thinlj 
clad  individual  who  lies  in  the  open  oir,  weaned  oat  or 
sleeping,  in  th<^  exlrerae  cold  of  winter  runs  an  imminent 
risk  of  buing  frozen.  Naturally,  iho  cooling  will  take  place 
more  rapidly  in  proportion  as  the  cntaneoaa  vessels  are 
dilated,  and  the  greater,  conscf|uently,  thu  difTeronce  between 
the  teinpeniture  of  the  bkin  and  that  of  the  Burrounding  at- 
moMphcro  (or  grf>und) ;  and  in  this  we  see  one  of  the  reasons 
why  ft.  fj,  a  drunken  person  so  rapidly  ]nK^^'i  heat  in  cold  sur- 
roiiudiegs^t  though^  it  is  true^auch  persons  cannot  properly  a&o 
their  limbs.  But  the  cutaneous  arteries  may  be  very  narrour 
and  the  ontin?  nurfnce  of  the  bo<ly  bo  extremely  anaimic,  yet 
at  tho  low  temperature  of  the  air  in  winter,  often  consider- 
ably below  o^^,  the  loss  of  heat  from  the  skin  and  lungA  can 
never,  while  life  lasts,  cease  to  be  coTi«iden»ble,  and  the  tem- 
perature of  the  body  will  therefore  certainly  fall,  although  per- 
haps only  slowly.  What  then  happens  and  how  the  organ* 
ism  n-ncts  to  the  reduction  of  itn  temperature  hn8  not,  for 
obvions  reasons,  been  carefully  olu^rvod  in  man  ;  such  ob- 

Watious,  however,  may  be  conveniently  carried  out  on  ani- 
inals4      With  this  object,  one  need  only  immerse  a  rabbit 

•  Voii,  *  'liffiiscUr.  f.  liiol.,'  xiv,  p.  156. 

t  Rciuck«.  '  Dcutsch.  A.  f-  klin.  MvdJ  tri,  p.  13  ;  WuiUnd, '  Dm  Vk\U 
Ton  niflilri^n  Kdri>ertcm[teratiiK*n.*  Irmii>;,*DiuoTt#  KicU  1S69;  I*«lcr. 
'Gtti.  lit^Ulvm.  4.  rnrici,'  1873,  Kut.  31  snd  3a. 

J  WaUlicr,  •  Virrli.  A./  »iv,  p.  414  ;  •  Mi>il.  Cr.ntmUi./  1864,  p.  801, '  A. 
L  Anat.  nod  PbjBiolgV  1B65.  \i,  35;  UorvaUi. '  Pflug,  AV  xii,  p.  37^ 
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or  a  small  dog  up  to  the  neck  in  water  at  aboat  o^  for  a  short 
time ;  or  the  animal  may  be  placed  in  a  receptacle^  sarroanded 
hj  a  freezing  mixture  and  so  narrow  as  to  prevent  all  move- 
ment :  the  bodily  temperature  will  then  gradually  fall  to  an 
■extent  which  will  bo  greater  the  longer  the  time  spent  xu  the 
cold  medium.  If  the  animal  be  removed  after  its  rectal  texnpe* 
rature  has  fallen  to  i8^  or  20°,  it  cannot  support  itself  on  its 
legSj  but  lies  motionless  on  its  side ;  the  number  of  lieart- 
contractions  is  now  very  small,  scarcely  sixteen  to  twenty 
beats  in  a  minate ;  the  frequency  of  the  respirations  is  also 
^greatly  diminished,  or  the  breathing  is  rapid  but  extremely 
superficial ;  the  smooth  musculature  of  the  intestines  and 
urinary  bladder  behave  a3  if  paralysed,  the  peristaltic  more- 
ments  are  completely  arrested,  and  the  bladder,  even  when 
very  fullj  is  never  evacuated.  The  eyes  remain  wide  open, 
and  on  touching  the  cornea,  winking,  if  it  occurs  at  all,  takes 
place  very  slowly  ;  the  pupils  are  also  very  dilated,  and,  as  a 
rule,  either  do  not  react  to  light  or  respond  very  tardily.  In 
short,  the  animals  exhibit  a  kind  of  general  paralytie  condtiion, 
which  undoubtedly  depends  on  very  reduced  irritability  of 
all  the  tissues,  and  in  particular  of  the  nervous  system.  If 
the  animals  cooled  to  x8°  be  allowed  to  remain  longer  in  the 
cold  medium,  death  as  a  rule  takes  place  rapidly,  and  fre- 
quently with  convulsions ;  yet,  as  Horvath  has  shown,  the 
cooling  may  be  pushed  mucli  further,  if  artificial  respiration 
is  at  the  same  time  maintained.  What  reduction  of  botlily 
temperature  is  fatal  to  man  we  do  not  know,  and  we  are 
also  ignorant  as  to  whether  convulsions  appear  immediately 
before  the  end ;  we  find  po.st  mortem,  as  might  be  anticipated, 
anaemia  of  the  peripheral  and  hyperasmia  of  the  internal  parts, 
together  with  pulmonary  codema,  if  the  left  ventricle  had  been 
paralysed  earlier  than  the  right ;  this  latter  appearance,  how- 
ever, is  comparatively  rare,  since  in  most  cases  of  death  hy 
extreme  cold  the  fatal  result  is  due  to  general  paralysis  of 
the  heart.  Bnt  even  the  animals  removed  from  the  cold 
medium  when  their  temperature  has  fallen  to  iS'^do  not  usa* 
ally  recover  on  being  allowed  to  lie  quietly  exposed  to  the 
ordinary  heat  of  the  room.     They  may  remain  for  many  hours 
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in  their  paralytic  condition  without  any  further  cooling  tak* 
ing  place,  but  by  degrees  the  heart-beats  and  respir&tious 
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become  steadily  feebler  till  they  finally  cease.  On  the  other 
band,  the  animals  cooled  to  1 8°  can  be  restored  to  their  normal 
bodily  temperature  on  being  transferred  to  a  warm  medium  : 
in  a  receptacle  at  40°,  Walther  required  from  two  to  three 
hours  in  order  to  raise  the  temperature  from  18°  to  39*^^  and 
be  found  that  the  bodily  warmth  first  increased  very  slowly 
but  afterwards  very  rapidly  as  soon  as  30°  had  been  reached. 
It  is  still  more  interesting  to  find  thut  this  restoration  of  heat 
can  also  bo  accomplished  by  means  of  artificial  respiration. 
The  air  introduced  during  the  process  does  not  act  by  directly 
warming  the  animal ;  for  the  restoration  of  heat  also  follows 
when  tho  inspired  air  is  several  degrees  lower  than  the  bodily 
temperature  of  the  cooled,  animal.  The  restoration  is  due  to 
the  heat-production  of  the  animal  body,  and  tho  artificial  re- 
spiration is  simply  the  means  of  securing  that  the  irritability 
of  tho  various  centres  shall  not  be  destroyed  before  the  oxi- 
dative processes  have  been  properly  set  going.  Moreoverj 
this  restoration  of  heat  by  artificial  respiration  takes  place 
with  extreme  slowness,  so  that  ten  times  as  long  a  period  is 
needed  for  it  as  would  be  required  were  the  auimal  placed 
in  a  modium  the  temperature  of  which  is  high.  The  pro- 
cess of  heat-prudnction  is  here  the  same  as  that  by  means  of 
which  a  less  markedly  cooled  animal  recovers  without  arti- 
ficial respiration,  though  then  also  a  long  time  is  needed  for 
restoration.  As  the  bodily  temperature  is  raised  by  warm- 
ing the  animnl,  the  power  of  motion  and  the  energy  of  the 
smooth  muscles  are  gradually  recovered,  urine  is  passed,  and 
the  evacuation  of  faeces  testifies  to  the  recommencement  of  the 
peristaltic  movements  ;  tho  respirations  become  deeper,  the 
heart-beats  more  frequent,  and  tho  bluod-pressnre  rises.  The 
fiensorium  is  the  last  to  be  restored  :  the  rabbits  usually  fall 
asleep  when  warmed  to  about  30°,  and  do  not  behave  like 
healthy,  active  animals  till  tho  normal  temperature  is  estab- 
lished. As  to  the  lowest  degrees  of  body  heat  that  have  been 
survived,  in  man,  I  can  give  you  no  information.  Tempera- 
tures of  30°  to  26°  or  even  24*^  have  repeatedly  been  registered 
in  the  rectum,^  mostly  in  drunken,  ragged  vagrants,  picked 

•  Rwncke, '  D^iliich.  A.  f.  kllh.  Med./  xtI.  p.  13  i  WeiUnd,  'Prei  Fall* 
Ton  niedrijpjn  Korpertemp^raturon,'  Inau(f.-I>U«ert.,  Kiel,  1869 ;  Pel«r, 
*Gaz.  hebdom.  il.  Puis/  1873,  Nu».  31  and  33. 
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Up  off  the  streets  in  winter ;  and^  like  tbe  animals  experi- 
mented upon,  these  persons  also  exhibited  marked  apathy 
and  somnolence,  while  at  the  same  time  the  pupils  were  dilated 
and  sluggish,  and  the  pulse  and  respirations  infrequent.  In 
these  cases  also,  several  hours  usually  elapsed  before  the  af- 
fected individuals,  though  wrapped  in  warm  blankets,  re- 
gained their  normal  temperature ;  with  the  rise  of  bodily 
warmth,  the  number  of  heart-beats  and  respirations  increasedj 
the  deep  sleep  gradually  became  lighter,  till  at  last  full  con- 
sciousness returned .  No  subsequent  disturbance  of  the  general 
state  ensued  iu  favorable  cases.  Still,  you  will  not  look  upon 
such  a  transitory  reduction  of  temperature  as  an  insignificant 
occurrence.  For  the  nearer  the  fall  approaches  values  of 
from  1 8°  to  20^,  the  more  doubtful  is  a  complete  and  rapid 
restoration.  Many  of  the  cooled  animals  die  even  after  they 
have  regained  their  normal  warmth  ;  in  many  others,  the 
rise  of  temperature  does  not  stop  at  the  normal  elevation,  bat 
mounts  more  or  less,  perhaps  several  degrees,  above  it,  and 
the  animals  in  whom  this  happens  usually  become  extremely 
emaciated  during  the  next  few  days,  so  that  they  only"  very 
slowly  regain  strength  or  never  do  so.  In  man  also,  such 
elevations  of  temperature  have  often  been  determined  after 
transitory  cooling,  thus  affording  evidence  that  the  equili- 
brium between  production  and  loss  of  heat  has  been  persist- 
ently disturbed  by  the  powerful  agency  of  cold. 

Prolonged  exposure  to  an  almormally  wann  external  tem- 
perature most  have  an  exactly  opposite  effect  on  the  heat  of 
the  body.  The  warmer  the  surrounding  air,  the  less  will  bo 
the  quantity  of  heat  lost  by  radiation  and  conduction ;  and 
since  our  organism  continually  produces  considerable  amounts 
of  heat,  even  though  to  the  voluntary  decrease  of  production 
there  is  added  an  involuntary  one,  the  inevitable  result  must 
be  a  rapid  disturbance  of  equilibrium  with  a  tendency  to 
overheating.  If,  nevertheless,  a  man  can  maintain  his  bodily 
heat  at  the  normal  standard  in  external  temperatures  differing 
little  from  that  of  the  body  itself,  this  is  mainly  owing,  as 
you  know,  to  the  profuse  secretion  of  sweat  which  sets  in 
under  these  circumstances,  and  to  the  considerable  loss  of 
heat  which  attends  the  evaporation  of  the  sweat ;  so  rapid 
is  ilie  evaporation  id  a  dry  atmosphere  that  the  body  caa 
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6VUI1  withstard  for  a  time  a  degree  of  heat  considerably  in 
excess  of  its  own,  without  pxperiencing  any  increase  of  tempe- 
rature. Yet  this  also  has  itb  limits  ;  and  on  exposure  for  u 
time  to  dry  air  of  from  50°  to  60*,  even  tbo  most  profuse 
fivreating  cannot  save  the  body  from  overheating.  The  danger 
in  Htill  Renter  in  this  respect  when  the  rapid  evaporation 
of  the  sweat  or  expired  water  is  rentlered  diiBcult  or  prevented 
l>y  the  overloading  or  even  saturation  of  the  air  with  moisture, 
for  here  a  lower  estcrnol  teuii»erature  will  suffice  to  givo  rise 
to  considerable  overheating.  This  fact  has  repeatedly  been 
verified  on  men  in  the  vapour-bath  ;  but  more  exact  obser- 
vations arc  only  feasible  Ijcre  also  by  ex])erimentH  on  animaU.* 
The  method  to  l>o  adopted  is  very  simple.  The  animals  aro 
placed  in  a  clmmber  with  dmiblc  walls,  the  space  between 
which  is  filled  with  water  that  may  bo  raised  to  the  desired 
temperattire  by  meaus  of  n  regulated  gas-  or  spint-flamo  ; 
in  the  case  of  the  aninials  usually  experimenf/ed  upon,  sucL 
aa  rabbitSj  dogs  and  guinea-pigSj  with  their  imperfectly 
developed  and  inactive  swoat-glandsj  it  matters  little  whether 
tlie  air  of  the  chamber  bo  dry  or  Hatnralod  with  mointure. 
itoHeuthal,  i'.\jK'rimentiiig  on  rnbbits,  which  were  allowed  to- 
sit  free  without  restraint,  convinced  himself  that  these 
animals  can  maintain  their  bodily  heat  unaltered  in  air  of 
from  11°  to  32^j  but  that  their  temperaturo  rises  when  the 
air  of  the  chamber  exceeds  32°.  Tliere  i»  an  inoreaso 
to  41  — 42  when  the  atmosj^here  is  warmed  to  3ft  ;  and  at 
this  elevation  a  btato  of  equilibrium  is  established  and  may 
persist  for  a  long  time.  Perfectly  harmonions  rosnlts  were 
obtained  in  my  institute  <»n  gnineu^pigs,  whose  toniperaturo 
P0B8  to  4T^' — 42^  in  air  at  from  36^  to  37'^',  and  remained  for 
days  at  this  elevation. t  After  a  short  iHjriod  of  extreme 
rostlossnoBS,  the  animals  lie  sprawling  on  the  belly  with 
thfir  legs  widely  sepai-ated,  in  order  to  pn^sont  as  groat  a 
snrface  as  possible  to  the  BDrronnding  medium;  respiration 
is  greatly  accelerated  and  very  superficial,  the  heart-boats 
can  scarcely  be  counted,  the  skin  is  throughout  very  hot  to 

•  Obeniicr,  loc  cit.;  RosonthHl,  Joe.  oit,  *  Handb./  p.  333;  Uernanb 
'  VorlcsuDgon  fiber  thier.  Waruie./  Ueben.  von  SchuMor,  L«ii«ig,  i(i7j, 
p.  335,  tt  ttq. 
t  LiUcn» '  Vireh.  A./  Ixx,  |..  10.  WNE  MEDICAL  II9I^A»!Y 
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tlie  toucb,  and  where,  as  in  the  ears^  the  vessels  can  be 
directly  observed,  tliey  are  evidently  greatly  dilated.  All 
these  phenomena  become  still  more  conspicuous  when  the 
temperature  of  the  chamber  is  raised  above  the  values  atated 
to  close  on  40°.  As  the  air  becomes  heated,  the  temperature 
oi  the  animal  rapidly  rises,  and  when,  on  exposure  to  40^,  it 
has  reached  44° — 45^^,  the  respirations  are  enormously  accele- 
rated, the  pulse  is  almost  fluttering  and  cannot  be  counted, 
ihe  pupils  are  dilated,  all  the  cutaneous  vessels  are  extremeljr 
wide,  and  the  animal  lies  there  with  perfectly  relaxed  mnsclea 
in  an  almost  paralytic  condition.  The  most  extreme  caution 
is  now  imperative.  For  after  long  exposure  to  such  hot  air, 
•death  very  easily  occurs,  and  is  very  often  preceded  by  more 
•or  less  wide-spread  muscular  twitchings  and  convulsions, 
especially  when  the  heating  has  rapidly  taken  place.  If  the 
temperature  now  be  raised  still  further,  death  is  inevitable. 
For  it  is  a  universal  law  that  animal  life  is  incompatible  with 
bodily  temperatures  which  exceed  a  certain  elevation.  The 
limit  in  warm-blooded  animals  is  about  5°— 6**  above  the 
normal  mean  temperature  ;  if  the  bodily  heat  exceeds  this, 
auitnals  and  men  perish  without  exception.  The  cause 
of  death  is  not,  as  has  been  supposed,  a  rapid  coagulation 
of  the  blood,  nor  is  it  a  heat-rigor  of  the  muscles,  since  this 
only  sets  in  at  48° — 50°  ;  it  is  the  exhaustion  and  paralysis 
of  the  nervous  and  contractile  apparatus,  and  iu  particular  a 
■complete  2)rtr«/i/5?>o/  the  heart  that  destroys  life.  When  the 
temperature  has  been  artificially  raised  to  more  than  42°— 
44°,  the  arterial  pressure,  which  was  previously  high,  falU 
rapidly  (cf.  vol.  i,  p.  gi)  ;  and  if  the  animal's  thorax  be 
opened  immediately  after  death  the  heart  will  be  found 
arrested  in  diastole  ;  the  right  side  is,  as  a  rule,  greatly  over- 
filled,  and  mechanical  or  electrical  stimuli  excite  no  proper 
cuntractionsj  while  irritation  of  the  phrenic  is  not  responded 
to  by  a  contraction  of  the  diaphragm.  For  the  rest,  tho 
•occnrrenco  of  abnormal  chemical  processes  in  the  tisnues  of 
the  body  as  the  result  of  the  overheating  is  indicated  by  the 
facts  that  tho  blood,  which  of  course  is  very  dark,  rapidly 
-coagulates  post  mortem  while  rigor  mortis  sets  in  very  early. 
Yet  we  hnve  still  more  convincing  evidence  of  this  in  tbo 
conspicuous    alterations    undergone    by  the  metaboUiim    e£ 
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tlie  animals  as  the  result  of  tlie  retention  of  heat.  Nau- 
nyn*  6rst  determined  that  a  dog,  whose  rectal  teniperatore  has 
been  raised  in  an  overheated  space  from  35°  to  425'^,  pro- 
duces OD  the  same  day  a  very  considerably  increased  amount 
of  urta.  Ou  the  other  hand,  Erler  and  Litteu  found,  as  I 
have  already  told  you  (vol,  ii,  p.  671).  that  animals  whose 
temperatnre  in  raised  by  the  retention  of  heat  may  in  indi- 
vidual instances  experience  a  rednctiim  of  the  rarhontc  acid 
excretion  by  as  much  as  50  per  cent.^  a  change  which  is  un- 
doubtedly associated  with  a  diminished  absorption  of  oxygen. 
Moreover,  T  alsomentiontjd  on  that  occasion  that  we  had  ob- 
een'ed  extensive  fatty  changes  in  the  liver,  heart,  kidneys,, 
nnd  voluntary  muscles,  under  the  influence  of  the  simultaneous 
increase  of  the  albuminous  waste — as  evidenced  by  the  aug- 
mented production  of  urea — and  of  the  diminntion  of  the 
oxygen-supply.  Lastly,  that  the  loss  of  water  experienced 
by  the  animals  in  the  warm  chamber  amounts  to  several 
times  the  normal,  in  spite  of  the  imperfectly  developed 
sweat-glands,  is  proved  by  the  reductions  of  weight  apparent 
on  repeated  weighing  ;  the  decrease  also  becomes  sufficiently 
mauiiest  through  the  striking  and  rapid  emaciation  of  animals 
which  have  $pent  several  successive  duys  in  air  at  36° — 37°, 
It  is  not  to  be  wondered  at  that,  under  these  circumstances, 
a  heating  due  to  retention  of  warmth,  even  when  not  pushed 
to  a  fatal  issue,  should  be  attended  by  various  evil  or  indeed 
actually  destructive  effects.  Tlni:*,  our  guiuea-pigs  all  died 
when  kept  long  in  the  warm  chamber,  even  when  their  botlily 
temperature  had  never  exceeded  42  ,  the  longest  period  sur- 
vived by  (hem  being  five  to  six  days.  Even  when  the  ani- 
mals were  removed  after  passing  some  days  in  the  chamber, 
they  could  not  always  bo  kept  alive.  Their  tempcratui-e 
soon  fails  when  restored  to  the  ordinary  heat  of  the 
room,  and  this  whether  the  overheating  had  been  brief 
or  prolonged  ;  but  the  fall  is  not  ancommonly  below  normal, 
more  especially  after  protracted  rise  of  temperature.  This 
is  readily  explainable  by  the  fact  that  the  paralysis  of  the 
cntaneous  vessels  under  the  influence  of  the  excessive  heat 
persists  after  the  animal  is  removed.  Tlie  gruat  loss  of  heat 
necessarily  attending  ihe  dilatation  of  the  vessels  of  t!ie  skin 
*  NaunjD, '  A.  f.  Anat.  tt.  Physiol^.,*  iS7o»  p.  159. 
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•causes  a  fall  ol  bodily  tcraperainre ;  if  the  redaction  does  not 
exceed  a  few  degrees  the  animals  recover  after  a  time ;  bat  if 
the  rectal  temperature  is  still  farther  reduced,  recovery  be- 
comes doubtful :  the  animals  then  remain  feeble  and  apathetic, 
do  not  eat  properly,  most  likely  get  diarrhcea,  and  finally  die, 
without  developing  any  new  or  striking  symptoms.     An  espe- 
cially noteworthy  fact  has  been  discovered  by  Rosenthal,  how- 
ever,— that  an  animal  which,  after  being  overheated,  regains 
or  almost  regains  its  normal  temperature,  when  ^^in  placed 
in  the  hot  medium,  behaves  differently  from  the  first  occasion. 
The  riae  of  tenij^erature  is  much  leuft  extensive  than  formerly; 
hcnco  the  respiration  and  pulse  are  not  so  accelerated,  the 
musculature  is  not  so  relaxed ;  in  short,  the  whole  condition 
of  the  auimal  is  not  so  threatening.      The  longer  the  time 
elapsing  between  the  first  and  second  experiments,  the  less 
-diHtinct  is  the  difference  in  the  effects  ;  on  the  other  hand, 
this  differtmce  may  bo  still  further  increased  on  several  re- 
petitions of  the  experiment.     The  higher  the  temperature  to 
which  the  animal  has  been  subjected,  the  better  will  it  resist 
Bubsequ{mt  exposure  to  heat,  yet  even  a  stay  in  air  at  about 
32°  may  afford  a  certain  amount  of  protection  against  the 
occnrronco  of  serious  overheating  when  the  animal  is  after- 
wards exposed  in  a  still  warmer  medium.     The  factor  on 
which  the  habituation  of  the  organism  to  prolonged  exposure 
to  high  temperatures  depends  has  not  as  yet  been  fully  ex- 
plained.     It  is  not  an  augmented  loss  of   water  ;   for   the 
difference  between  habituated  and  non-habituated  animals  is 
precisely  tlio  same,  even  when  the  warm  air  of  the  hot  chamber 
is  saturated  with  moisture ;   iudeed,  the  loss  of  water  on  re- 
maining in  warm  air  is  much  slighter  in  habituated  than  in 
non-habituated  animals.      Nor  does  it  appear  in  what  other 
way  this  habituation  could   bo  connected  with   loss  of  heat, 
and  accordingly  wo  have  scarcely  any  alternative  but  to  as- 
sume that  the    production   of   heat  is  diminished  in  these 
emaciated  animals,  which  shortly  before  were  so  seriously 
affected.      True,  we  are  not  yet,  so  far  as  I  know,  in  posses- 
sion of  investigations  into  the  metabolism  of  the  habituated 
animals. 

That  in  man  also  the  bodily  temperature  is  raised  by  re- 
maiuing  in  a  hot  medium  is  not  only  to  be  inferred  theo- 
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refclcally,  but  lia«,  as  already  indi'catod,  been  repeatedly  ob- 
served. Schleich,*  for  oiamplo,  foniul  tliat  on  reinaiuiug 
for  '>Do  hour  in  a  balhj  the  water  in  wliich  was  i^aisod  to 
40*^ — 4l°j  the  temperature  of  his  mouth  had  increased  to  39"5'^, 
39*6°,  or  oven  39*9''.  In  Kri8haber,t  the  toraperatnrc  of  the 
&xilln  rose  from  36*6  to  39*6°  on  exposure  for  twenty-six 
iniuutos  t*j  dry  air  at  60^ — 70^,  and  on  remaining  in  a  vapour- 
bath  at  40° — 45^  it  increased  in  forty  minntes  to  as  much  aft 
40-2^4  Moreover,  the  knowu  results  of  iucrea.su  of  tom- 
peratnro  duo  to  heat-retention  also  set  in.  The  individual 
grows  restless  and  uncomfortable,  respiration  becomes  very 
frequent,  and  the  number  of  heart-ljeats  increases  enormously  ' 
— frum  73  to  160,  180  or  still  more.  Further,  the  augmented 
prodnction  of  urra  under  these  circumstances  had  formerly 
been  established  by  iiartols,  and  was  then  invostigatud  with 
great  accuracy  by  Schloich,  as  well  as  by  Freyand  Uoiligen- 
thnl  ;|  the  latter  also  found  an  increase  in  the  excretion  o£ 
i*riV  a<ri<Z.  Finally,  Krishabor  also  states  that  his  body  be- 
came habituated  to  the  high  temperatures  on  repeating  tho 
hot  air  or  vapour  baths.  Such  being  the  pnsition  of  affairs, 
you  can  have  no  doubt  that  an  excessive  rise  of  teuipcraturo 
duo  to  heat-retention  mast  prove  just  as  destntetivo  to  men 
as  to  the  animals  experimented  upon.  As  a  matter  of  fact, 
in  my  opinion,  every  year  sees  tlie  sacrifice  of  some  indivi- 
duals to  abnormal  rise  of  temperature  depending  on  heat- 
retention,  chiefly  it  is  true  in  hot  climates,  but  with  us  also 
during  midsummer.  I  refer  to  cases  of  9unniroke  or  inanla^ 
Hon.  I  willingly  admit  that  tho  patliology  of  insolation  is 
not  BulBcieutly  elucidated  in  all  its  aspects,  yet  thL*ro  can  bo 
no  doubt  that  overheating  nf  the  body  playtn  a  drcuive  jmrt 

•  Sobleioh,  'A-  f.  ei7>crim.  Putholg^*  iv,  |>.  8»,  Simil&r  fact*  wcro  ob* 
wrreU  by  Walton  und  Witherle,  'Boston  Med.  And  Sur^.  Joam,/  vul.  rii* 
No.  24.  .Tune  lolli,  1880. 

t  Krighabrt*,  '  Qaz.  m^d.  d*  Pariii/  1877,  Xo»  46. 

X  Bortels  (Ziemewen'n  'llandb./  ix.  1,  197)  ftUo  aaw  tlie  rectal  icm^enmi 
tut«  of  ft  man  nso  by  3*6'  on  oxpoBiire  for  Ibirtr  niinnt^v  in  n  Tnpotir-btttt»l 
-     53'.     Of.  alao  Bai'kliardt,  *D.  mcd.  Wochen*iohr./  18S1,  No.  71  \  Fi 

d  H^i!i[?pnthtt1,  *  D.  b^iwon  Lnft-  u.  P^mipf-liiwlcr  in  Radcn-Utidirn/ 
1.  ' .  jiK  to  lh*>  influenrel 

tji  :  injteratan?,  by  Stapff* 

•A.f.  HijuioU'  1**" 


1334  THS   BEOUEATIOK   OF  TE1CPKRAT0&8. 

tn  it.  In  the  first  place,  verj  excessive  temperatores  hsre 
been  repeatedly  registered  in  individuals  attacked  hy  san- 
Etroke ;  thus  Baamler*  records  42*9°  in  a  fatal  case  one  Honr 
after  admission  to  hospital,  and  much  higher  temperatures 
have  been  found  by  American  physicians.t  Even  thoagh, 
for  obvious  reasons,  exact  measurements  have  not  been  made 
in  the  great  majority  of  cases  of  sunstroke,  the  enormoas  heat 
of  the  face  and  entire  skin  usually  attracts  the  notice  even 
of  tlie  laity.  In  the  next  place,  the  symptoms  of  insolation 
agree  very  closely  with  those  of  the  overheated  animals  ;  the 
face  is  red, the  respiration  burned  and  gasping, the  pulse  enor- 
mously retarded,  the  papils  dilated  ;  the  patient  is  uncon- 
scious and  delirious,  and  the  fatal  collapse  is  often  preceded 
bv  convulsions.  The  last  is  especially  the  case  when  the  af- 
fection arises  very  rapidly ;  when  its  development  is  more 
protracted  and  gradual,  the  signs  of  collapse  early  become 
prominent.  Nor  is  there  any  difficulty,  so  &r  as  I  see,  in 
ex;  training  the  overheating  of  the  body  in  sunstroke.  The 
persons  usually  attacked  are  almost  always  those  who  un- 
dergo excessive  muscular  exertion  during  great  heat, — with 
us.  chiefly  soldiers  after  long  marches  ;  and  experience  shows 
that  the  danger  is  enhanced  if  the  atmosphere  is  saturated 
with  moisture,  more  especially  if  it  is  sUU.  This  means 
simply  that  heat-production  is  extremely  increased,  while  the 
loss  of  heat  by  conduction  to  the  surrounding  medium  and 
bv  evaporation  is  essentially  chocked  and  restricted,  AVhether 
marching  in  close  columns  forms  an  additional  element  of 
danger,  I  shall  not  undertake  to  decide;  more  importance 
certainly  attaches  to  the  absence  of  free  sweating  in 
such  a  position.  Tliis,  however,  is  only  too  often  observed. 
Persons  working  in  great  heat  usually  secrete  enormous 
quantities  of  sweat  for  a  considerable  time ;  then  comes  a 
moment  when  its  production  begins  to  fail,  whether  owing 
to  exhaustion  of  the  sweat-nerves  or  l>ecause  the  water-con- 
tents of  the  blood  have  been  reduced  by  the  profuse  se- 
cretion. That  the  laiter  is  probably  the  determining  factor 
may  be  inferred  frotn  »ho  very  docidetl  increase  of  danger 

*  Baumlcr,  *  Mfd.  Timo^  Am)  Itai..*  Aqj;.  i»t.  i^S. 

t  Vide  WunilerUch,  'l>.   Verbalt^n  d.   Eigenwarmc  in  Krankhciteu/ 

Aiifl.,  Leifwig,  1870,  ^  134' 
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which  follows  abstention  from  water  :  have  we  not  lately  come 
to  recognise  a  regular  supply  of  water  during  work  as  the 
surest  means  of  averting  the  dreaded  accident  ?  So  soon  as 
the  prodoction  of  sweat  begins  to  fail,  and  the  loss  of  heat 
through  evaporation  ceases  or  is  considerably  reduced,  there 
is  henceforward  a  possibility  that  the  heat-equilibrium  may 
be  disturbed,  and  that,  as  the  result  of  the  retention  of  heat, 
there  may  occur  a  slow  or  rapid  abnormal,  or  even  fatal,  ele- 
vation of  the  bodily  temperature. 

The  deviations  from  the  average  bodily  temperature  hitherto 
discassed  were  essentially  called  forth  by  the  action  of  con- 
ditions which  were  too  abnormal  in  their  nature  to  admit  of 
compensation  by  the  regulative  mechanisms  of  the  organism. 
Such  extreme  agencies  are,  iu  fact,  absolutely  necessiiry 
to  the  alteration  of  the  bodily  temperature,  so  long  as  the 
regulative  mechanisms  perform  their  office  with  promptness 
and  regularity  ;  yet  it  is  obvious  that  even  under  ordinary 
conditions,  a  constancy  of  the  bodily  temperature  cannot  be 
counted  on  if  these  mechanisTtis  act  irregularhj  and  with  too 
little  energy.  In  seeking  to  correctly  estimate  the  signifi- 
cance  of  these  errors  of  regulation  as  regards  the  heat  of  the 
body,  it  will  evidently  bo  necessary  to  consider  the  disturb- 
ances of  the  regulation  of  heat-production  aud  those  of  loss 
of  heat  independently.  True,  it  is  only  the  disturbances  of 
the  latter  category  that  excite  considerable  interest  in  patho- 
logy. For  as  regards  the  errors  in  the  regulation  of  heat- 
production,  perhaps  the  only  fact  of  importance  is  the  possi* 
bility  that  during  a  stay  in  a  cold  medium  the  voluntary  and 
involuntary  means  of  production  may  not  bo  so  efficient  as 
in  health.  This  is  undoubtedly  the  case  in  starving  persons, 
and  to  a  still  greater  degree  in  those,  most  of  whose  muscles 
are  paralysed  or  otherwise  withdrawn  from  the  control  of  the 
will.  The  heat-equilibrium  of  such  individuals  is  really  less 
stable  thnn  that  of  healthy  persons.  That  their  bodily 
temperature  does  not,  it  is  true,  depend,  as  iu  the  potcilo- 
thermal  animals,  on  the  tempei*aturo  of  the  surrounding 
medium  is  as&urcd  while  they  live  and  breathe,  and  so  long 
as  the  cutaneous  vessels  and  the  blood-stream  through  them 
obey  physiological  laws ;  still  it  is  unquestionable  that  cnra- 

VOL.  J 11.  Qi^gQ 
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riscd  animals  become  cnoled  relatively  rapidly  in  a  c' 
modiumj  and  that  starving  and  paralysed  individaala  are 
much  more  exposed  during  the  severo  cold  of  mnter  to  the 
danger  of  being  frozen  than  are  well-nourished  persona  with 
healthy  mnsclea.  Nevertheless,  tho  musculnr  paralysis  tnnat 
bo  very  extensive^  if  the  constancy  of  the  bodily  heat  is  to 
be  seriously  threatened,  even  under  unfavorablo  conditions  of 
external  temperature,  I  should  have  refrained  from  mention- 
ing this,  as  being  self-evident,  had  not  Samuel*  reoentlj 
asserted  that  the  bodily  heat  of  tho  rabbit  becoraos,  as  he 
expresses  it,  "  the  sport  of  the  external  temperature,*'  when 
both  the  subclavians  and  femoral  arteries  are  ligatured,  or 
both  cervical  plexuses  together  with  the  sciatic  and  crnml 
nerves  are  divided.  He  has  become  convinced  of  this  in 
cnnpcqnence  of  a  series  of  experiments,  in  which  ho  states 
he  has  found  that  while  vigorous  rabbits  snfPor  no  diminution 
of  bodily  heat  even  after  twenty-four  hours'  exposure  in  air 
at  about  o^,  equally  large  animals  in  whom  tho  znascles 
of  the  extremities  have  been  rendered  inactive  in  the 
manner  described  undergo  a  continuous  cooling  in  from  four 
to  eight  hours  to  22° — 20°,  and  perish  with  the  signs  of  death 
from  extreme  cold.  A  number  of  other  experiments  by 
Samuel,  in  which  he  produced  various  injuries  of  the  abdomen 
in  rabbits  and  sought  to  determine  the  share  taken  by  the 
injured  organ  in  the  prodnction  of  heat,  by  syBtematically 
recording  the  temperature  of  the  animals  after  operation, 
have  probably  seemed  too  ambiguous  to  his  critics  to  be  re- 
ceived with  continued  respect ;  the  experiments  on  the  extre- 
mities, however,  are  described  with  snch  precision  by  their 
originator  that  they  are  quoted  by  the  most  cautious  writers 
as  well  accredited.  And  yet  two  things  must  equally  cnnse 
UB  to  hesitate  before  accepting  Samuel's  results — tho  circam- 
stance  that  the  ligature  of  the  artorics  just  mentioned  does 
not  completely  deprive  the  rabbit's  extremities  of  motion,  nnd 
the  slight  bulk  of  the  extremities  relatively  to  the  entire 
body  of  the  animal.  On  a  repetition  of  those  experiments  1 
in  my  institute  in  Breslnu,  our  results  wore  very  far  from 
being  in  conformity  to  Samuel's  statements.     Some  of  tbe 

*  Samuel,  *  Ueber  d.  Entstebung  d.  Eigcnwiinnc  u.  d.  Fjeben,  LripglgJ 
1876.  I 
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animals  with  ligatured  arteries  or  diTided  nerves  perished^  it 
is  time,  wnthin  12 — 24  bouns  after  being  ])1aced  in  an  ice-chest 
of  moderate  size,  the  temperature  of  which  remained  at  about 
o®  ;  others,  however,  which  wore  similarly  treated  continued 
for  several  days  in  the  ice-chost  without  any  injury  to  health, 
and  in  particular  without  any  noteworthy  rednction  of  bodily 
heat.  Bat  perfectly  sound  animals  behaved  in  the  same 
identical  fashion,  some  dying  and  others  remaining  perfectly 
well.  Nevertheless,  it  does  not  occur  to  me  to  questiou 
Samuel's  results.  I  dispute  simply  that  his  rabbits  died  in 
consequence  of  the  cooling;  ou  the  contrary,  as  I  gather 
from  hia  description,  the  teviperniure  of  his  anvmala  fvli  hecotifio 
of  tht  near  approach  of  death.  But  the  regularity  with  which 
Samuel's  animals  perished  would  certainly  be  a  wonderful 
mishap  if  the  animals  were  really  healthy.  I  caunut  help 
suspecting  that  diseased  animals  were  repeatedly  employed. 
I  infer  this  more  particularly  from  his  repeated  statements 
as  to  the  presenco  of  pj^eumonia,  which  was  often  found  pont 
mortem  and  is  described  as  *'  violent "  or  *'  strong  ;"  and  this 
too  in  rabbits  which  had  only  survived  the  commencement 
of  the  experiment  by  eleven,  nincj  or  even  three  hours.*  Cer- 
tainly, no  ono  but  Samuel  himself  will  bo  inclinod  to  attri- 
bute the  production  of  snch  violent  pneumonia  to  so  short 
an  experiment. 

In  its  power  of  influencing  the  temperature  of  the  body, 
much  greater  importance  attaches  to  duturhanre  of  the  mc^ 
rhanum  controUiny  the  Iomm  of  lent.  For  while  distarbanceA 
of  the  regulation  of  production  only  prove  prejudicial  when 
untiFual  conditions  inflneuco  the  loss  of  heat,  nn  abnormal 
behaviour  of  tho  apparatus  by  which  heat  is  yielded  up  may 
very  serionsly  interfere  with  the  constancy  of  the  bodily  tein- 
peratnro  under  conditions  which  are  in  other  respects  per- 
fectly normal.  The  decisive  factor  in  maintaining  a  constant 
temperature  is,  as  yon  already  know,  the  stale  of  the  blood* 
tftrfiam  through  the  eutaneons  regeeU.  Tho  narrowness  and 
anaemia  of  the  arteries  of  the  skin  when  the  heat-prodoction 
18  slight  and  the  temperature  of  the  surrounding  medium  low, 
and,  on  tho  other  hand,  th^'ir  di]:itation  and  anijtio  blood-, 
ing  abundant  I 
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ronndingSj  are  tbo  most  effective  means  at  the  command  of 
the  organism  for  the  maintenance  of  its  temperature  con- 
stant. Compared  with  these,  the  action  of  the  sweat-glands 
is  of  secondary  importance ;  and  may  here  be  the  more  freely 
neglected,  since,  provided  the  sweat-centres  are  normal,  the 
rule  is  for  the  secretion  to  coincide  with  the  congestive  vas- 
cular hypersemia  and  the  secretory  pause  with  the  anasmia, 
so  that  both  tell  in  the  same  direction.  If,  accordingly,  the 
alterations  in  the  circulation  of  the  cutaneous  vessels  are 
really  to  promote  the  constancy  of  the  temperature,  neither 
their  contraction  nor  dilatation  must  be  interfered  with  or 
prevented  at  the  proper  moment ;  and  if,  owing  to  any  factor, 
the  tone  of  the  cutaneous  arteries  is  permanently  reduced 
below  the  normal,  this  obviously  means  that  the  organism  is 
deprived  of  its  best  aid  in  protecting  itself  against  cooling 
nnder  unfavorable  circumst-ances  also.  In  this  respect  the 
state  in  which  we  ordinarily  live  is  unfavorable,  i.  e.  existence 
at  the  usual  temperature  of  our  rooms  or  at  the  average  tern* 
perature  of  our  temperate  zone,  excepting  of  course  the  days 
of  midsummer — to  say  nothing  of  the  unfavorable  conditions 
presented  by  the  air  of  winter.  The  causes  of  pathological 
congestive  hyperssmias  in  a  vascular  area  are  known  to  you 
from  our  discussion  of  the  local  circulatory  disturbances,  and 
no  other  cause  is  found  in  connection  with  the  skin.  More 
or  less  extensive  cutaneous  hypersemias  may  occur  on  a 
nervous  basis,  e.  g.  as  an  associated  symptom  of  neuroses, 
and  may  depend  either  on  irritation  of  the  inhibitory  nerves 
or  on  paralysis  of  the  vaso-motors.  The  physiological  ana- 
logue of  the  first  form  is  the  dilatation  of  the  cutaneous  yessels 
which  ensues  on  irritation  of  the  sensory  nerves  or  occurs 
during  asphyxia ;  that  of  the  second  is  the  hyperaemia  of  the 
vessels  of  the  ear  after  division  of  the  cervical  sympathetic 
in  the  rabbit.  That  on  irritation  of  the  sensory  nerves  as  well 
as  during  asphyxia,  the  temperature  of  the  blood  does  actu- 
ally undergo  a  slight  fall,  we  have  learned  from  Heidenhain's* 
well-known  experiments ;  and  it  was  long  since  shown  in 
Donders't  laboratory  that  bilateral  section  of  the  cervical 
sympathetic  may  for  a  time  reduce  the  bodily  heat  of  a  rabbit 

•  Heidenhain, '  Pfliig.  A.,'  iii,  p.  504. 

t  Cf.  the  abstract  in  Henle  u.  MeiBsner's  '  Jahresber.'  for  1866,  p.  368. 
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hy  2°,  tHe  normal  elevation  being  regained  only  when  the 
dilatation  of  the  vessels  of  the  ear  has  began  to  recede. 
Whether  subnormal  teiuperaturea  have  also  been  registered 
in  ineu  with  such  angio-neuroses,  I  am  not  aware^  yet  if  the 
reduction  fails  to  set  iu  in  these  cases,  it  can  only  be  because 
of  the  small  size  of  the  hyperaemic  cutaneous  area.  The 
more  extensive  this  area,  the  more  certain,  naturally,  is  the 
lowering  of  temperature.  When  a  dog  secured  upon  its 
back  cools  more  cosily  and  more  markedly  in  the  curare-  or 
morphia-narcosis  than  it  otherwise  would,  it  is  because  tho 
greater  extent  of  free  surface  is  promotive  of  it,  while  to  thia 
is  added  a  more  or  less  pronounced  dilatation  of  the  cntaneona 
vessels.  That  drunken  persons  suffer  a  more  rapid  and  marked 
cooling  of  their  bodies  than  sober  individuals,  on  exposure 
to  cold  air,  I  have  recently  stated. 

Id  the  next  place,  hyperosmias  of  the  skin  occur  which 
do  not  depend  upon  norvons  agency,  but  on  the  direct  action 
of  some  factor  on  the  cutaneous  arteries.  To  this  category 
belongs  tho  paralysis  of  these  vessels  which  results  from  very 
high  temperatures  of  the  medium  surrounding  the  skin  ;  with 
regard  to  which  I  have  already  stated  that  it  may  persist  for 
a  considerable  time  after  the  return  of  the  individual  to  cooler 
surroundings,  more  especially  if  the  action  of  the  heat  had 
been  prolonged  and  very  intense  :  the  consequence  under  cer- 
tain circumstances  is  a  very  considerable  redaction  of  bodily 
heat.  The  fluxion  to  the  cutaneous  vessels  and  the  result- 
ing loss  of  temperature  in  still  more  considerable  in  rabbits 
which  have  beeiv  coated  with  a  varnish  impervious  to pen^rU' 
lion.  The  marked  dilatation  of  the  cutaneous  vessels  beneath 
the  coating  of  varnish  has  long  attracted  attention  at  tho 
autopsy  of  the  animals  thus  treated,  and  dnringlife  can  best 
be  demonstrated  by  partial  application  of  the  varnish,  for 
so  far  as  the  coating  extends  the  temperature  in  and  under 
the  skin  is  considerably  higher  than  that  of  uucoated  spots. 
Moreover,  the  increased  loss  of  heat  from  the  varnished  skin 
has  been  directly  demonstrated  by  Rosenthal  and  Laschke- 
witsch*  by  calorimetric  means.  When  the  entire  superficies 
is  covered,  the  loss  of  heat  becomes  so  considerable  in  the 
rabbit  that  its  temperature  gradually  falls  to  a  degree  no 
•  LaschkewiUch,  *  A.  f,  AoAt.  und  Phyiiol./  i968,  p.  6i. 
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longer  compatible  with  life :  small  animals  with  a  relativd[y 
large  sarface  die  earlier  than  laTger  spedmrauL  That  the 
cooling  alone  is  the  canse  of  death  in  the  Tarnished  rab1»ts 
is  proved  hy  the  fact  that  when  it  is  prerented  the  fatal  ter- 
mination is  also  averted.  When  the  animals  are  «fe  onoe 
packed  after  vamishing  in  thick  wadding,  thej  do  not  dic^ 
nor  do  they  present  anj  abnormal  appearances  if  the  external 
temperatnre  be  high.*  For  the  rest,  yon  will  carefollj  note 
that  all  this  applies  only  to  rabbits,  and  perhaps  also  to  a  few 
other  animals  with  eqnally  thin  and  delicate  skins ;  the  oc- 
cnrronce  of  the  mnch-discnssed  and  greatly  dreaded  "  aa^ 
pression  of  cataneoos  perspiration  "  is  not  for  all  animala  a 
dangerous  or  fatal  event.  No  practical  inconvenience  is  pro- 
duced in  dogs  by  coating  with  varnish,  tar,  linseed  oil,  collo- 
dion, &c.,  nor  docs  any  reduction  of  temperature  worth  men- 
tioning occur  in  them ;  and  in  man  also  it  appears,  accard- 
ing  to  some  experiments  by  Senator,t  that  the  vamishing 
has  no  effect  on  the  bodily  heat,  probably  because,  as  already 
hinted  at,  the  thickness  of  the  skin  guards  against  such  ener- 
getic paralysing  action  on  the  arteries  passing  to  it. 

Moreover,  the  fall  of  temperatnre,  whicli,  as  a  rule,  follows 
extensive  scalding  of  the  skin,  is  certainly  due  to  the  abnor- 
mally increased  loss  of  heat,  within  the  scalded  parts,  from 
the  vessels  which  are  dilated  and  deprived  of  their  protective 
covering  of  epidermis.  J  True,  that  the  cooling  brings  aboat 
the  death  of  the  injnred  persons  is  quite  out  of  the  questi<Hi ; 
were  this  the  case  nothing  could  be  simpler  than  to  guard 
against  the  loss  of  heat,  and  thus  to  avert  the  fatal  conrse 
which,  as  yon  know,  the  physician's  art  is  at  present  power- 
less to  prevent.  The  fall  of  temperature  plays  only  a  sub- 
ordinate role  as  compared  with  the  other  severe  lesions  ac- 
companying extensive  scalding,  in  particular  the  deleterious 
action  on  the  blood  which  mainly  proves  fatal  in  such  cases. 

In  traumatic  solutions  of  continuity  of  the  spinal  cord,  and 
in  other  diseases  by  which  its  conduction  is  interrupted,  there 
is  also  no  dearth  of  various  other  severe  functional  disturb- 
ances ;  yet  alterations  of  bodily  temperature  form  a  frequent 

•  Valentin, '  A.  f.  phya.  Heilk./  1858,  p.  433. 
t  SenAtor,  *  Vireh.  A.,'  Ixx,  p.  183. 
t  Of.  lUk, '  Yireh.  A.,*  iiii,  p.  37. 
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and  imporUnt  feature  of  those  affections.  This  is  easily 
undorstood.  For  all  the  artorios  whose  vaso-motors  leave  tho 
curd  below  tho  iuterruption  are  deprived  of  their  tonus  for  a 
time,  and  although  this  may  ultimately  be  recovered,  a  certain 
period  most  first  elapse  during  which  the  vessels  are  dilated 
and  consequently  ovurfillDd  with  blood.  Now,  hero  tho  con-» 
ditious  are,  it  is  true,  somewhat  complicated,  firstly^  because 
tho  vaso-motor  innervation  is  in  abeyance  not  only  in  the  case 
of  the  arteries  on  which  the  loss  of  heat  depends,  t.  c.  chiefly 
the  cutaneous  arteries,  but  also  in  tho  case  of  those  supply* 
ing  the  organs  engaged  in  heat-production  ;  and,  secondly, 
booaaso  the  effects  of  a  solution  of  continuity  of  the  cord 
differ  greatly  according  to  the  level  of  the  interruption.  The 
lower  tho  situation  of  tho  latter,  tho  less  liable  is  tho  arterial 
prossuro  to  suffer,  while  high  interruptions  are  always  followed 
by  a  considerable  fall  of  arterial  pressure  and  hence  by  re* 
tardatiou  of  the  bloud-streuio.  Tbe  crucial  point  in  rabbits 
and  the  herbivores  generally  is  tho  situation  of  tho  interrup- 
tion above  or  below  the  exit  of  tho  splanchnics,  which  in  dogs, 
as  is  well  known,  have  not  sucli  far-reaching  importance  for 
the  blood-pressure.  The  effect  of  the  circulatory  disturbance 
in  question  on  tho  loss  of  boat  can  bo  more  accurately  stated 
than  can  its  influence  on  heat- production.  That  tho  prod uc* 
tion  is  dimiDlshed  by  a  general  slowing  of  the  circulation  is 
not,  I  think,  open  to  doubt,  but  we  are  ignorant  whether  a 
neuroparalytic  congestive  hyperasmia  increases  the  produc- 
tion or  leaves  it  unaltered.  It  is  perfectly  certain,  on  tho 
other  handj  thnt  a  hyperssmia  of  the  cutaneous  vessels  accom- 
panied by  au  acceleration  of  the  blood-stream,  t.  /;.  coogea- 
tion  with  the  blood-pressure  unaffected^  increases  cateris 
parihun  tho  loss  of  heat,  while  a  retardation  of  the  blood- 
stream through  the  vessels  of  the  skin  will  necessarily  dimin- 
ish tho  loss.  If  you  consider  in  addition  the,  if  you  will,  in- 
direct iufluonco  which  attends  a  solution  of  continuity  of  the 
spinal  cord,  in  consoquonco  of  the  other  consecutive  distarb- 
ancesy  in  particular  tho  cessation  of  voluntary  movements, 
you  will  fool  no  surprise  that  tho  effect  of  the  interrup- 
tion on  the  temperature  of  the  body  should  in  different  cases 
prove  very  dissimilar. 

As  a  rule,  crushing,  laceration,  or  catting  through  of  tfao 
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spinal  cord  is  immediately  followed  by  a  not  inconsiderable 
fall  of  bodily  temperature,  which  must  be  attributed  no  doubt 
to  the  paralysis  of  the  cutaneous  vessels  and  the  consequent 
increase  in  the  loss  of  heat.  In  a  namber  of  cases,  espe* 
cially  of  solutions  of  continuity,  the  heat  of  the  body  is  rapidly 
restored  to  the  normal  standard,  at  which  it  henceforth  re- 
mains ;  here  the  cutaneous  arteries  hare  recovered  their  tone  ; 
and  that  the  paralysis  of  the  lower  extremities  does  not  so 
greatly  diminish  the  heat-production  as  to  jeopardise  the  beat- 
equilibrium,  you  already  know.  In  a  second  series  of  cases, 
on  the  contrary,  the  fall  of  temperature  is  persistent ;  indeed, 
it  goes  on  gradually  increasing,  so  that  the  affected  indivi- 
duals are  slowly  or  rapidly  cooled  to  a  degree  which  endanger? 
life,  and  they  perish  with  all  the  signs  of  death  from  extreme 
reduction  of  temperature.  It  is  not  to  be  denied  that  the 
diminished  heat-production  is  partly  responsible  for  this  re* 
suit,  especially  in  very  protracted  cases ;  yet  the  fact  that 
the  cooling  may  be  considerably  delayed  by  enveloping  the 
patient  in  badly  conducting  materials  or  by  raising  the  sur- 
rounding temperature  proves  how  great  a  part  is  played  by 
increased  loss  of  heat.  Much  greater  interest  is  excited, 
however,  by  those  cases  in  which  the  primary  reduction  of 
bodily  heat  is  followed^  after  a  few  hours,  by  an  abnormal 
rise  of  temperature,  a  rise  to  the  very  highest  values  ever 
found  in  man  or  mammals,  of  43°  or  even  44°.  Such  exces- 
sive temperatures  have  repeatedly  been  registered  in  men 
after  compression  and  laceration  of  the  cervical  cord  \*  and 
they  have  also  been  observed  in  rabbits  and  dogs  on  experi- 
mentally injuring  tho  upper  sections  of  the  central  nervous 
system.  The  earliest  statements  on  this  subject  are  con- 
tained in  a  paper  by  Tscheschichin,t  for  which,  however, 
Rosenthal,  under  whose  supervision  the  research  was  carried 
out,  declines  all  responsibility ;  this  investigation  goes  to 
show  that  separation  of  the  medulla  oblongata  from  the  pona 
is  followed  by  a  considerable  rise  of  temperature.     Naunyn 

•  Brodie, '  Med.-Cliir.  TninBact.,'  1837,  p.  412;  Billroth,  '  Beobactungs- 
fttadien  iiber  Wundficbcr,  Ac./  1862,  p.   158;  Fischerp  'Med.  Centralbl.,'^ 
1869,  p.  259 ;  Quincke,  *Borl.  klin.  Wochenachr./  1869,  p.  29 ;  Nioden,  ibid., 
'*'»8,  No.  50. 

^heschichin, '  A.  f.  Aaat.  and  Pfaygiolog.,'  i86d,p.  151. 
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and  Quincke*  subsequently  stndied  this  question  wifch  great 
care,  and  have  come  to  tbe  conclusion  that  laceration  of  the- 
cervical  cord  in  dogs  causes  a  very  considerable  increase  of 
bodily  heat,  when  loss  of  heat  is  prevented  by  placing  the 
animals  in  a  hot  chamber  at  a  temperature  of  26° — 30*^, — a 
temperature,  that  is,  which  would  be  insufficient  to  cause  an 
abnonnal  increase  in  uninjured  dogs  ;  thoy  also  found  that 
in  very  large  dogs,  at  least  at  summer-heat,  the  mere  envelop- 
ment in  badly  condncting  materials  is  enough  to  cause  a 
slight  elevation  of  temperature.  Moreover,  it  %vas  found  by 
Woodjt  in  an  extensive  series  of  experiments,  that  a  cut 
through  or  below  the  medulla  oblongata  lowers,  as  a  rule, 
the  bodily  heat ;  on  the  other  hand,  he  observed,  not  it  is 
true  in  rabbits,  but  in  dogs^  a  considerable  rise  of  temperature 
on  dividing  the  medulla  from  the  pons,  thus  confirming 
Tscheschichin's  observations.  HeidenhainJ  also  occasionally 
obtained  results  similar  to  those  of  Tschcschichin,  but  believes 
that  a  separation  of  the  medulla  from  the  pons  is  unnecessary, 
a  simple  puncture  with  a  fine  lancet-shaped  needle  in  the- 
region  of  the  posterior  border  of  tlio  pons  and  anterior  *border 
of  the  medulla  sufficing  to  raise  the  bodily  heat  by  several 
degrees.  Similar  results  were  obtoiued  by  Sohreiber-J  Still 
these  experiments  have  not  escaped  contradiction.  Neither 
Rosenthal  II  nor  Lewitzky^  has  ever  fouud  anything  but 
a  fall  of  temperature  on  dividing  the  spinal  cord  ;  and 
on  repeating  the  experiments  just  described,  Riegcl'**'*'  and 
Schroffft  failed  to  observe  a  rise  of  bodily  heat  in  the  manner 
stated.  Yet  we  cannot  from  this  contradiction  come  to  any 
conclusion  except  that  we  are  still  iguoraut  of  some  of  the 
conditions  which  must  be  present  when  a  rise  of  temperature 

*  Nftunyn  and  Qoinckc,  ibid.*  1869.  pp.  174,531. 

t  H.  C.  Wood,  'Fever;  a  Study  in  Morbid  and  Nuriuid  PbyMologya* 
Wa»bin^ton,  18S0  (Smithsonian  ContributiooB),  p.  26,  et  ftfj, 

J   Heidenhain,  *  Pfluj^.  A-,'  iii,  p.  578. 

§  Schreiber,  ibid.,  viii,  p.  576. 

II  Cf.  KoflentbaK  *  Znr  Kenntnin  d.  Wiirmere^liraag  b.  d.  wannblaUgMk 
Tbieren.*  Erlongeui  1873,  p.  3,  tt  »eq. ;  further,  in  Hermann'^  *Hdb,  d. 
Phypiolog./i7,  3,  p.  381. 

^  Lowitilsy,  •  Vircb.  A./  Ixrii,  p.  357. 
••  Riogel,  *  Pflug.  A.,'  V,  p.  6J9. 
ft  ^brtiff, '  Wi«n.  akad.  SitKiugaber./  M«n,  1876. 
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follows  injuries  of  the  ceDtral  neiroos  system ;  and  certainly 
tlie  facts  themselves  are  better  established  than  is  their  ex- 
plaiiation. 

Is  the  rise  of  temperature — so  rans  the  first  question — the 
result  of  the  disconnection  of  certain  nerves  from  their  oen- 
-tresy  or  is  it  due  to  the  irritation  of  these  nerves ;  is  ifc^  in 
other  wordsy  a  paralytic  or  an  irritative  effect  ?  Tscheschichinj 
Wood,  as  well  as  Naunyn  and  Quincke  argue  for  the  first, 
and  Heidenhain  for  the  second  alternative  ;  and  if  yon  con- 
sider how  slight  is  the  punctured  wound^  and  further  that 
the  rise  of  temperature  soon  passes  oE  after  its  infliction  bat 
may  again  be  produced  by  a  second  puncture,  it  must  be 
admitted  that  Heidenhain's  interpretation  is  a  very  attractive 
one.  Moreover,  in  the  experiments  of  Naunyn  and  QuinckOj 
the  increase  of  temperature  never  appeared  so  late  as  to  ex- 
clude the  possibility  that  the  action  was  irritative.  On  the 
other  hand,  it  is  still  less  questionable  that  compression  of 
the  cervical  cord  and  severance  of  the  connection  between 
pons  and  medulla  oblongata  involve  a  paralysis  of  innumer- 
able nerves,  so  that  the  authors  so  often  named  are  quite 
justified  in  holding  their  opinion.  And  the  assnmption  even 
that  the  paralysis  as  well  as  also  the  irritation  of  certain 
nervous  tracts  may  be  involved  in  raising  the  temperature 
will  hardly  appear  to  you  too  daring,  on  remembering,  for 
example,  that  the  same  dilatation  of  the  cutaneous  vessels 
can  be  produced  by  stimulation  of  the  dilators  as  by 
paralysis  of  the  constrictors.  As  regards  the  possible  infla- 
ence  of  these  disturbances  of  innervation  upon  the  factors 
which  determine  the  height  of  the  bodily  temperature,  all 
the  observers  who  have  seen  the  increase  of  bodily  heat  in 
their  experiments,  conclude  therefrom  that  heat-production 
is  considerably  augmented  as  the  result  of  injury  of  the  cen- 
tral nervous  system :  the  writers  adopting  the  theory  of  para- 
lysis ascribe  this  to  the  division  of  fibres  exerting  an  inhibi- 
tory influence  on  heat-production ;  while  Heidenhain,  on  the 
contrary,  assumes  the  occurrence  of  a  direct  stimulation  of 
the  parts  engaged  in  the  production  of  heat.  That  an  in- 
crease of  heat-production  actually  takes  place  in  the  animals 
is  inferred  from  the  fact  that  the  loss  of  heat  is  not  only 
not  diminished  but  even  increased.     After  inflicting  the 
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punctorod  woundj  Heidonhain  oLscrv6d  a  me  of  temperature 
not  xuerclj  in  tLo  rectum  but  also  beneath  tbe  skin  of  the 
iDguinul  region  ;  Nannyn  and  Quincke  uLso  found  in  their 
animals  no  noteworthy  differences  between  the  temperatures 
of  the  rectum,  the  hollow  of  the  groin,  and  tho  external  audi- 
tory meatus  ;  and  because^  in  their  opinion,  the  dilatation  of 
the  cutaneous  vessels,  following  comjiression  of  tho  cervical 
cord,  always  considerably  augmcutn  tho  loss  of  heat,  so  much. 
HO  even  as  to  over-compensato  tho  increased  production,  they 
wrapped  tho  larger  animals  in  warm  coverings  and  placed 
tho  small  ones,  with  a  relatively  largo  superflcieSj  in  a  hot 
chamber.  Ilero,  however,  their  argumeut  appears  to  me  to 
present  some  Qaws.  For  that  tho  bodily  heat  of  an  animal 
will  raj^tm  ]>anlnut  be  more  increased  in  a  warm  than  in  a 
cold  medium  is  not  particularly  remarkable,  and  afTords  no 
evidence  that  in  the  absence  of  external  warmth  the  yield  of 
heat  would  be  increased  in  excess  of  tho  normal  standard. 
Moreover,  from  dilatation  of  the  cutaneous  vessels  we  cannot, 
you  are  aware,  infer  an  increased  loss  of  heat,  unlcsB  it  be  at 
the  same  time  determined  that  the  blood-pressure  ountinues 
unaltered  ;  and  if,  while  the  temperature  of  the  internal  parts 
is  high^  the  subcutaneous  cellular  tissue  and  the  skin  itself 
are  warm,  this  also  does  not  admit  of  any  suflicient  conclu- 
sion as  to  tho  occun*ence  of  an  excessive  and  dispropurtional 
loss  of  boat.  There  is  as  yet  a  deartli  of  adequate  calori- 
motric  experiments  on  these  auimaU,  bo  that  wo  cannot  regard 
tho  loss  of  heat  as  a  certainly  established  factor,  or  accurately 
^*5timate  its  amount.  Now,  it  is  true  that  Wood**"  has  de- 
tected calorimctrically  a  moderately  increased  loss  of  heat 
in  dogs  in  which  he  bad  carried  out  tho  higli  division  of  the 
cord  ;  but  against  this  we  have  the  experiments  of  I'HiJgert 
on  the  metaliolism  of  these  animals  telling  directly  against 
any  augmentation  of  the  heat-producing  processes.  For  in 
rabbits  whose  cord  he  had  divided  at  tho  level  of  the  soventh 
cervical  vertebra,  ho  found  not  simply  no  increase  but  even 
very  marked  diuitnution  of  oxyyen  conaumptivn  and  rarUmif' 
id  elimituition,  and  sometimes  indeed  a   redaction  of  the 

H.  C.  Wood,  'Fever;  a  Sttidj  iu   3forbid  and   Nurnml  lMij8ioU)gy/ 
Wauihiiiictunv  l8So  (Sinilhflonian  Coctrlbutions).  p.  36,  tiA^tq. 
t  Pfliigcr,  his  *  Archlv^/  xii,  j«.  282  ;  iviii,  p.  247. 
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metabolism  to  half  the  normal  valaes.  Would  it  not  be 
proper  under  these  circumstances  to  give  the  most  prominent 
place^  or  at  any  rate  to  attach  considerable  importance,  to  the 
retardation  of  the  circulation  and  feebleness  of  the  respiration 
in  these  animals,  severely  iojured  as  they  are  ?  Both  these 
factors  reduce  the  loss  of  heat  from  the  skin  and  lungs,  and 
are  thus  well  adapted,  eren  in  the  absence  of  a  simnltaneoas 
increase  of  heat-production,  to  raise  the  bodily  temperature* 
This,  so  far  as  I  can  judge,  is  the  present  state  of  this 
interesting  controversy,  a  state  which  cannot  be  said  to  be 
very  satisfactory.  But  if  a  comparatively  simple  experiment, 
which  at  any  rate  admits  of  an  exact  statement  of  the  problem, 
is  still  attended  by  so  much  doubt  and  uncertainty,  yon 
cannot  be  astonished  that  wo  should  so  far  also  be  unable  to 
give  a  satisfactory  explanation  of  certain  excessive  tempera- 
tures which  are  observed  in  diseases  of  the  nervous  system. 
Wunderlich*  in  Germany  first  directed  attention  to  the  fact 
that,  in  a  great  variety  of  diseases  of  the  central  nervons 
system,  the  bodily  heat  may  towards  the  end  rise  gradualljf 
or  rapidly  to  very  considerable  values,  reaching  42°  or  even 
43°  and  44  ,  and  has  called  this  elevation  of  temperature  the 
agonal  or  preagonal.  Since  then,  his  statements  have  been 
universally  confirmed.  Among  the  diseases  in  which  this 
agonal  rise  occurs,  some  are  characterised  by  convulsions,  like 
tetanus  and  epilepsy ;  in  others  convulsions  and  mnscnlar- 
twitchings  may  be  completely  absent,  as  in  hysterical  para- 
plegia and  tubercular  meningitis ;  in  many  instances  it  is 
in  pjrexial  affections  that  these  excessive  values  are  reached, 
either  through  a  slow  or  rapid  rise  of  the  previously  moderate 
febrile  temperature,  as  e.  g,  in  cerebro-spina!  meningitis  or  in 
typhoid  with  severe  cerebral  symptoms  ;  in  other  cases,  on 
the  contrary,  the  bodily  heat  continues  absolutely  normal  np 
to  the  agonal  elevation,  as  in  sclerosis  of  the  brain,  cerebnJ' 
haemorrhage,  &c.  Since  we  have  here  always  to  deal  with 
diseases  which  are  situated  in  the  central  nervous  system  or 
involve  it  during  their  course,  it  is  certainly  not  unnatural 
to  place  these  experiences  at  the  sick  bed  side  by  side  with 
the  experiments  just  discussed,  a  still  more  marked  similarity 
to  which  is  presented  by  the  surgical  illustrations  referred 
*  Wnnderlicb, '  A.  d.  Hetlk/  ii,  p,  547 ;  iii,  p.  175 ;  v,  p.  904. 
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to-  Wunderlich  himself  and  many  later  writers  attach  great 
importanoc  to  the  agonal  appearance  of  these  remarkable 
elevations  of  temperature;  they  believe  them  to  depend  ou 
the  agony,  i.  e,  on  the  commencing  dissolution  and  the  ex- 
tinction of  the  brain  functions,  and  thus  adopt  a  standpoint 
analogous  to  that  of  Naunyn  and  Quincke.  Nevertheless, 
there  is  no  necessity,  in  my  opinion,  for  such  an  assumption  ; 
on  the  contrary,  we  may  explain  the  connection  as  Senator* 
has  done,  and  say  that  the  individual  dies  when  and  because 
his  bodily  heat  has  risen  to  such  a  height  that  life  is  no 
longer  compatible  therewith.  True,  this  does  not  relieve  us 
from  the  task  of  explaining  these  unusual  elevations  of  the 
temperature  of  the  body,  a  task  the  solution  of  which  wo 
must  postpone  till  we  are  furnished  with  reliable  data  as  to 
the  amount  of  the  metabolism  and  of  the  loss  of  heat  during 
the  agonal  rise  of  temperature^ 

While  we  could  not  previously  do  more  than  point  out  the 
jyojiaibiliti/  that  the  increase  of  temperature  after  laceration 
of  the  cervical  cord  may  at  any  rate  partly  depend  on  the 
severe  disturbance  of  the  circulati<m  through  the  cutaneous 
vessels,  or  on  the  resulting  decrease  in  the  loss  of  heat,  patho- 
logy affords  us  additional  opportunities  of  observing  this 
connection  in  a  clear  aud  incontrovertible  manner.  I  refer 
chiefly  to  cholera.  In  this  disease  the  fall  in  the  tempera- 
ture of  the  skin,  more  especially  of  the  extremities,  is  ouo  of 
the  constant  and  characteristic  symptoms  when  the  attack 
has  acquired  a  certain  degree  of  violence,  so  much  so  that 
this  period  has  received  the  name  of  stadium  ahjidum.  The 
cause  of  this  cooling,  which  for  the  rest  appears  more  con- 
siderable to  the  hand  than  it  is  shown  to  be  by  the  thermo- 
meter, is  evident  without  further  inquiry ;  it  is  the  extreme 
weakening  of  the  circulation  which  attends  the  inspissatioa 
of  the  blood,  and  wkich  naturally  is  most  pronounced  in  the 
peripherally  situated  vascular  areas.  The  skin  becomes  pale 
and  cold  because  the  cutaneous  vessels  are  supplied  with  a 
much  loss  quantity  of  blood  than  normal.  But  the  less  blood 
flows  through  the  cutaneous  vesselt*,  the  slighter,  as  you 
know,  is  thy  loss  uf  heat  to  the  surrounding  medium,  so  that 
*  Senator,  *  Viroh.  A.,*  xlr,  p.  4  E  it 
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consequently  a  marked  retention  of  heat  must  occur  daring 
tbe  stadinm  algidam.  In  fact,  so  considerable  is  the  reten- 
tion of  beat  in  cbolera^  that  despite  all  the  otber  tmly  un- 
favorable conditions  as  regards  beat-production,  the  tempe~ 
rature  of  the  internal  parts  ets  a  rule  rises,  and  that  by 
two  or  three  degrees ;  temperatures  of  39°  and  39"2°  or  even 
of  40*^  have  been  repeatedly  measured  in  the  rectum  and 
vagina  during  an  attack  of  cholera. 

Similar  experiences  are  often  met  with  in  patients  who 
bare  become  collapsed  in  consequence  of  sudden  weakness  of 
the  heart.  Extreme  ansamia  of  the  surface  of  the  body  and 
marked  coldness  of  the  skin  will  occur  here  also,  not  indeed 
as  the  result  of  inspissation  of  the  blood,  but  owing  to  direct 
depression  of  the  energy  of  the  heart.  At  the  same  time 
there  may  be  a  rise  of  temperature  of  the  internal  parts  as 
shown  by  a  thermometer  in  the  rectum  ;  this  may  often  be 
considerable,  especially  when  the  collapse  has  occurred  at 
the  height  of  a  pyrexial  disease.  Probably  many  of  tbe 
agonal  elevations  of  temperature  are  explainable  in  this  way. 

Finally,  the  same  principle  underlies  a  phenomenon  which 
does  not  properly  speaking  belong  to  pathology,  inasmuch  as 
it  makes  its  appearance  after  life  has  departed — I  refer  to 
post-mortem  rise  of  temperature.  In  many  bodies,  cooling 
does  not  at  once  commence  after  death  ;  there  is  first  a  rise 
of  temperature  as  measured  in  the  rectum.  The  elevation 
is  not,  it  is  true,  considerable ;  yet  it  may  amount  to  half  a 
degree  or  even  more,  and  is  usually  marked  in  proportion  U> 
the  height  of  the  temperature  at  the  moment  of  death.* 
The  rise  usually  lasts  only  a  short  time,  and  gives  place  at 
latest  in  the  second  hour  after  death  to  the  definite  and  now 
continuously  increasing  cooling.  However  paradoxical  the 
post-mortem  rise  of  temperature  may  at  first  sight  appear, 
its  explanation  is  very  simple  ;  it  has  nothing  to  do  with  any 
kind  of  moderating  or  exciting  nervous  actions,  but  is  solely 
the  effect  of  the  persistence  of  heat-producing  processes  in  the 
body,  while  the  loss  of  heat  is  considerably  diminished.  For 
the  chemical  processes  in  tbe  interior  of  the  body,  on  whicH 
the  production  of  heat  depends,  do  not,  of  course,  at  once 
cease  with  the  arrest  of  the  heart's  contractions;  indeed,  an. 
*  Qnincke  a.  Brieger, '  Denttcb.  A.  f.  klin.  Med./  p.  383. 
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additional  Bonrce  of  beat  may  under  certain  circnmstancesbe 
present  when  rigor  mortis  sets  in  rapidly.  On  tlio  other 
handj  it  is  obvious  that  the  cessation  of  the  circulation  must 
greatly  reduce  the  loss  of  heat.  Not  only  is  the  loss 
directly  outwards  essentially  diminished^  but  the  maintenance 
of  the  internal  temperature  is  favoured  by  another  circum- 
stance, to  which  attention  has  been  drawn  by  Heidenhain,^ 
namely,  that  the  blood  previously  returned  from  the  periphery 
no  longer  mingles  with  the  hot  blood  of  the  internal  parts. 
In  this  way  may  be  easily  explained  all  the  above-mentioned 
details  of  the  post-mortem  rise  of  temperature,  which  forms 
an  almost  constant  phenomenon  in  all  large  animals,  whatever 
the  cause  of  death — a  convincing  proof  of  its  independence- 
of  any  kind  of  pathological  factors. 

*  Hcidenhain, '  Pflng.  A./  iii,  p»  535. 
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^The  essential  factor  in  fever  is  the  rise  of  bodily  tempera* 
ture, — Claesijication  of  fever 'terwperatures. — Course  of  a 
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duction and  loss  of  heat  in  fever. 
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HowKTEB  great  the  interest  and  importance  o£  the  facts 
Utherto  discassed,  it  is  not  to  those  morbid  distorbancefl  o£ 
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the  ecoDomy  of  he&t  that  the  prominent  role  played  by  this 
section  in  pathology  is  due.  Tlie  pathologist,  when  speaking 
of  disturbances  of  bodily  temperature,  has  chiefly  in  mind 
another  process,  which  formed  the  subject  of  careful  obser- 
vation in  the  earliest  ages  of  medicine,  and  still  continues  to 
make  demands  on  the  thought  both  of  practical  men  and 
theorists  :  I  refer  to  fever.  Both  classes  have  ample  grounds 
for  devoting  the  closest  attention  to  fever.  For  fever  exerts 
a  marked  influence  on  the  course  and  significance  of  diseases, 
80  much  80  that  its  presence  or  absence  in  a  particular  pa- 
tient becomes  a  question  of  cardinal  importance  at  the  bed- 
side, and  certainly  there  is  no  process  ^vhich  so  frequently 
or  80  essentially  determines  the  physician's  treatment.  But 
the  more  profound  the  prJictical  importance  of  fever,  the 
more  incumbent  is  it  on  theoretical  Hcieiice  to  elucidate  as 
far  as  possible  the  intimate  conditions  oi  the  process  in  every 
direction.  Now  fever  aa  observed  at  the  bedside  presonta,  it  is 
true,  a  varying  and  in  many  respects  complicated  picture  ; 
and  more  or  less  serious  functional  distnrbance  of  almost  all 
the  organs  may  bo  present.  Nevertheless  we  are  quite  justi- 
fied in  treating  of  fever  in  this  place  under  the  head  of  the 
pathology  of  animal  beat ;  for  not  only  its  most  constant, 
but  its  dotorminiug  and  most  essential  feature  \s  the  eletyn firm 
of  hodily  tempera tnrv  ;  this  it  is  that  gives  the  fever  its  cha- 
racter. In  dealing  with  the  disturbances  of  the  constancy 
of  temperature  hitherto  digcussed,  the  conditions  on  which 
this  constancy  depends  were  taken  as  our  Htarting-poiut,  and 
though  we  found  that  many  details  were  wanting  to  com- 
plete the  causal  connection,  we  had  in  general  no  difficulty 
in  directly  deducing  the  deviiitions  in  the  balance  of  heat 
from  the  alterations  of  the  conditions.  In  studying  fever 
we  are  still  far  removed  from  the  attainment  of  this  goal. 
We  shall  not,  uf  course,  allow  any  consideration  to  shake  our 
conviction  that  the  pyrexial  increase  of  bodily  heat — in  which 
the  influence  of  a  warm  external  medium  is,  naturally,  out 
of  the  question — must  depend  either  on  a  production  of  heat 
80  great  as  to  exceed  the  capacity  of  the  regulative  mechan- 
isms of  the  organism,  or  <m  derangement  of  these  mechanisms. 
But  this  general  conviction  is  very  remote  from  the  accurate 
knowledge  of  all  the  event*  occurring  in  the  seats  of  jjrodnc- 
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tion  and  loss  of  heat  during  fever ;  yet  not  till  we  know  these 
shall  we  be  in  a  position  to  really  explain  the  pyrexial  rise 
of  temperature.  In  the  present  state  of  our  knowledge  we 
are  compelled,  as  in  so  many  other  parts  of  pathology,  to 
adopt  an  opposite  course :  we  shall  for  the  present  abstain 
from  the  attempt  to  deduce  the  pathological  process  from  the 
disordered  conditions,  and  shall  seek  to  obtain  an  insight  into 
its  possible  or  probable  conditions  by  considering  the  process 
in  all  its  aspects.  "We  shall,  accordingly,  commence  with 
an  exposition  of  the  state  of  the  temperature  in  fever,  dealing 
with  it  only  in  so  far,  of  course,  as  it  bears  on  the  general 
doctrine  of  fever,  and  omitting  more  especially  all  those  de- 
tails which  properly  belong  to  special  pathology. 

In  febrile  diseases,  every  degree  of  rise  of  temperature  is 
observed,  from  the  lowest,  which  barely  exceeds  the  normal, 
to  the  highest,  by  which  life  is  directly  threatened.  The 
amount  of  elevation  is  essentially  determined  by  the  intensity 
of  the  agent  exciting  the  fever,  although  individual  circum- 
stances must  be  taken  into  account.  For  all  persons  do  not 
react  equally  to  the  same  cause,  the  temperature  of  one 
rising  more  rapidly  and  to  a  higher  elevation  than  that  of 
another.  Thus  we  find  by  experience  that  the  bodily  heat 
of  children  is  very  easily  increased  to  a  very  considerable 
extent,  while  that  of  an  aged  person  will,  in  the  same  kind 
of  febrile  affection,  usually  fall  short  of  the  temperature  found 
in  early  life  by  from  half  to  a  whole  degree.  Notwithstand- 
ing this  reservation,  it  has  been  found  desirable,  for  obvious 
practical  reasons,  to  arrange  the  various  elevations  of  tenspe- 
rature  occurring  in  febrile  diseases  in  classes,  though  the 
number  and  gradations  of  the  latter  are  to  some  extent 
arbitrary.  Here  in  Leipzig  the  classification  of  Wunderlich 
is  usuaJly  followed ;  according  to  it,  temperatures  up  to  38^ 
are  regarded  as  high  normal  or  suhfehrile;  from  38°  to  38*5°, 
as  low  febrile;  from  38*5°  to  39*5*^*  as  moderate  febrile; 
up  to  40'5  ,  as  pronotmced  febrile  ;  above  39*5°  in  the  morn- 
ing and  40*5*^  in  the  evening  as  high  febrile ;  while  tem- 
peratures exceeding  41  or  even  42°  are  known  as  hyper- 
pyresdal. 

Now,  as  to  the  course  of  a  febrile  disease,  it  may,  accord* 
ing  to  the  nature  of  the  particular  affection,  present  the  great- 
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est  differences  ;  yet  with  respect  to  our  present  pointy  namely, 
the  temperature  of  the  body,  it  is  possible,  in  the  acute 
diseases  at  least,  to  distinguish  several  periodsj  which  recur 
■with  more  or  less  sharpness  in  all  of  them.  The  first  of  these, 
the  period  during  which  the  fever  is  developing,  the  pijnt* 
genetic  or  initial  stage,  extends  from  the  beginning  of  the  ill- 
ness to  the  time  of  attaining  the  lowest  average  temperature 
characteristic  of  the  particular  disease  at  its  acme.  Its  dura- 
tion raa-y  differ  extremely;  in  particular  there  are  diseases 
with  a  very  short  and  others  with  a  prolonged  initial  stage. 
In  the  former  case  the  bodily  heat  is  rapidly  and  continuously 
augmented,  and  reaches  in  a  few  hours  or  at  most  within  a 
day  the  elevation  characteriatic  of  the  second  stage.  The 
shorter  this  initial  period  and  the  greater  the  increase  of 
temperature  during  it,  the  more  certainly  does  the  group  of 
symptoms  make  its  appearance,  with  which  you  are  familiar 
under  the  name  of  "/twtfr-chill.'*  During  this,  the  patients 
experience  a  marked  sensation  of  extreme  cold  ;  the  skin 
of  the  face  and  extremities,  especially  its  peripheral  parts, 
displays  a  cyanotic  pallor,  while  its  temperature  is  abnormally 
low,  so  that  it  feels  cold  to  the  finger;  this  i»  less  conspicu- 
ous on  the  trunk,  which  may  even  be  abnormally  warm.  As 
so  frequently  liappens,  involuntary  movements  are  here  asso- 
ciated Avith  the  sensation  of  extreme  cold,  and  may  be  merely 
a  slight  trembling  and  chattering  of  the  teeth  or  a  violent 
rigor.  The  duration  of  such  a  painful  rigor  is  fortunately 
short,  and  lasts  half  an  hour  or  at  moat  two  hours,  very 
rarely  longer, — a  period  which  has  nevertheless  sufficed  to 
cause  a  considerable  rise  of  temperature,  sometimes  amouut- 
ing  to  2,  3,  or  even  more  degrees :  the  chill  now  gradu- 
ally disappears, and  is  immediately  followed  by  the  next  stage. 
The  greater  the  number  of  hours  elapsing  before  this  last 
point  is  reached,  the  more  modenite  will  be  the  manifestations 
of  the  chill,  even  when  the  initial  stage  is  short,  and  they 
are  usoally  altogether  absent  when  the  pyi"ogeuetic  period 
embraces  several  days.  In  cases  of  the  latter  kind  the 
temperature  rises  ijradualhj,  and  as  a  rule  with  slight  diurnal 
flactuations ;  there  is  a  alight  fall  during  the  early  hours  of 
the  day,  followed  by  a  Hue  the  same  evening,  and  that  to  » 
grester  elevation  than  on  the  previous  day.      So  it  goes  on 
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till  the  fourth  or  fifth  day,  or  longer,  till  the  initial  period 
passes  insensibly  into  the  following  stage. 

In  this  second  stage,  the  so-called  fastigium,  the  fever  is 
at  its  height.  Not  that  the  temperature  cannot  exceed  the 
elevation  present  at  the  end  of  the  pyrogenetic  period,  or  is 
constantly  maintained  at  that  elevation  during  the  fostigiam. 
On  the  contrary^  it  is  even  the  rale  for  the  bodily  heat  to  go 
on  increasing  daring  the  second  stage,  and  to  attain  one  or 
even  more  acme-ltke  elevations,  after  and  between  which  a 
more  or  less  considerable  fall  takes  place.  Even  if  daring 
this  period  the  temperatare  is  maintained  for  a  short  time  at 
a  certain  uniform  height,  variations  will  even  then  occur,  and 
though  sometimes  slight,  are  at  other  times  really  consider- 
able. Still  it  seems  justifiable  to  speak  of  a  high  stage  of 
fever  while  the  temperatare  continues  above  the  limit  which 
marked  the  termination  of  the  initial  period.  The  fastigiom 
is  the  period  daring  which  the  patients  themselves  Kave  a 
subjective  sensation  of  abnormal  heat ;  daring  it  no  part  of 
the  skin  feels  cool  to  the  touch,  and  is  on  the  average  every- 
where warm.  As  regards  duration,  the  fastigium  presents 
still  greater  differences  than  the  pyrogenetic  stage  in  the 
varioos  diseases ;  in  intermittent  and  in  ephemeral  simple 
fever  the  high  stage  is  over  in  a  few  hours,  while  in  enteric 
fever  or  in  acute  articalar  rheumatism  it  may  occupy  an 
equal  numbef  of  weeks.  That  it  is  the  fastigium  which  is  of 
chief  importance  as  regards  the  entire  course  of  a  febrile 
disease,  need  not  be  shown  more  minutely.  If  during  this 
stage  the  bodily  heat  does  not  exceed  39^,  the  fever  will  be 
distinguished  as  low  or  moderate ;  and,  on  the  other  hand,  it 
is  precisely  daring  the  fastigium  that  the  high  febrile  and 
hyper-pyrezial  temperatures  occur,  which  so  often  precede  the 
fatal  termination. 

If  the  course  of  the  disease  be  favorable,  the  fastigium  is 
followed  by  the  third  period,  the  stage  of  defervescence,  during 
which  the  bodily  heat  returns  to  the  normal.  Like  the  pre- 
ceding, the  course  and  duration  of  this  stage  present  the 
greatest  possible  differences.  It  is  most  sharply  defined 
when  the  fastigium  with  its  high  temperatures  is  at  <moe 
followed  by  the  fall,  which  may  be  rapid  (crins)  or  proftnusted 

f&U),     Where  defervescence  takes  place  by  oriais  t        !■■ 
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perature  declines  within  some  hours — certainly  in  twenty-four 
or  thirty-six — in  a  more  or  less  continoons  line,  by  2° — 3  , 
and  in  certain  circumstances  by  5°  or  even  6°,  while  a  profttse 
secretion  of  sweat  as  a  rule  breaks  out  siuiultaneously .  It  not 
uncommonly  happens  that  &  rapid  fall  of  this  kind  overshoots 
the  mark,  ending  in  a  subnormal  temperature,  and  it  may 
be  found  that  a  patient  who  was  yesterday  left  with  a  high 
fever  of  perhaps  41°,  and  in  a  most  uneasy  state,  is  to- 
day free  from  all  his  troubles  and  with  a  temperature  of 
almost  36°.  On  the  other  hand,  defer?e8oence  by  lysis  ia 
much  slower  and  more  gradual,  occupying  three,fonr,  or  more 
days  ;  and  here  we  find  a  similar  state  of  things  to  that  ob- 
served in  the  pyrogenio  stage,  namely,  that  the  fall  follows 
either  ft  perfectly  continuous  or  an  evidently  remittent  type  ; 
in  the  latter  case  there  is  every  evening  a  rise,  which  is 
each  day  slighter,  and  every  morning  a  daily  increasing 
fall.  But  the  limit  between  fastiginm  and  deforvescence  is 
not  always  so  sbarp  ;  all  sorts  of  irregularities  are  occasionally 
observable.  Between  them  there  is  sometimes  interposed 
a  short  but  cot  inconsiderable  elevation  of  temperature*  the 
much-discussed  so-called  perturbatio  critica ;  at  other  times 
there  is  a  period  of  indecision  lasting  some  days,  a  so-called 
amphibolic  stage,  during  which  the  heat  of  the  body  under- 
goes conspicuous  np-and-down  oscillations ;  and  in  other 
cases,  again,  the  definitive  defervescence  is  preceded  by  a 
brief  interval  daring  which  the  temperature,  though  already 
reduced,  is  still  couaiderably  above  normal :  this  is  a  step 
preparatory  to  the  decline,  which  does  not  itself  come  off 
for  a  couple  of  days,  when  it  unmistakably  sets  in  either 
by  crisis  or  lysis. 

Doringtbe  period  of  convaUacencej  which  succeeds  the  defer- 
vescence, the  bodily  temperature  gradually  accommodates 
itself  to  the  normal  conditions,  provided  no  special  fsctors 
conditioned  by  the  disease  intervene  to  hinder  it.  If  it  was 
snbuormal  at  the  end  of  the  crisis,  the  low  values  are  pro- 
bably maintained  for  a  few  days,  when  the  normal  temperature 
with  its  diurnal  variations  is  permanently  re-established  ;  yet 
in  this  earliest  period  a  low  febrile  temperature  may  appear 
towards  evening.  It  would  seem  that  the  factors  on  which 
the  constancy  of  the  bodily  temperature  depends  do  not,  after 
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a  severe  febrile  disturbance,  at  once  discbarge  their  task 
with  their  previous  promptness  and  certainty ;  and  in  fact 
the  most  remarkable  peculiarity  of  the  stage  of  convalescence 
is  that  the  bodily  heat  is  more  mobile,  unstable,  than  in 
health,  showing  greater  daily  variations,  and  undergoing  a 
really  considerable  rise  on  slight  provocation,  snob  as  trifling 
muscular  movements  or  the  first  meal  of  solid  food,  and  the 
like. 

Only  too  often,  however,  febrile  diseases  terminttte fatally, 
not  uncommonly,  as  you  will  soon  hear,  owing  to  the  febrile 
rise  of  temperature;  in  the  g^eat  majority  of  cases  death  takes 
place  during  the  fastigium.  It  is  not  absolutely  necessary 
that  the  course  of  the  temperature  should  be  altered  when 
the  disease  ends  unfavorably ;  there  may  be  nothing  in  the 
temperature  curve  to  point  to  the  approaching  catastrophe. 
Much  more  frequently,  however,  it  changes  its  character  when 
the  fatal  turn  takes  place^  though  not  always  in  the  same 
way.  In  very  many  cases  the  &gony  is  introduced  by  a 
marked  and  occasionally  very  considerable  fall  of  temperature; 
in  many  others,  most  remarkable  fluctuations  are  met  with, 
while  the  approach  of  death  is  heralded  by  a  most  irregular 
alternation  of  the  extremest  degrees  of  fever  with  the  lowest 
subnormal  temperatures ;  and  a  third  modification  consists 
in  a  continuous  increase  of  bodily  heat  previous  to  the  end. 
Some  cases  of  this  last  category  have  a  special  interest, 
inasmuch  as  the  temperature  during  the  agony  finally  attains 
those  excessive  values  which  are  still  fresh  in  your  recollec- 
tion from  our  recent  discussion. 

These  are  the  main  features  of  the  alterations  of  tempe- 
rature as  they  occur  in  acute  febrile  diseases  ;  but  only  the 
main  features.  Even  if  we  neglect  quantitative  differences, 
there  are  so  many  peculiarities  of  detail  that  the  course  of  the 
fever  may  be  very  dissimilar  in  the  different  diseases,  and  in 
the  different  periods  of  a  disease  of  some  duration.  In  this 
respect  special  importance  attaches  to  a  point,  to  which  I 
have  more  than  once  alluded,  namely  the  extent  of  the  diur^ 
nal  fluctualio7i8.  That  in  healthy  individuals  also  the  heat 
of  the  body  varies,  though  only  slightly,  during  the  different 
periods  of  the  day,  you  are  already  aware ;  in  adults  the  daily 
minimum  is  reached  in  the  early  morning  hours  and  the  daily 
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mnximum  in  the  late  afternoon.*  Similar  diurnal  fluctua- 
tions also  occur  in  fever,  yet  the  difference  between  maxi- 
mum and  miuiuinm  ia  far  from  being  so  approximately  con- 
stant as  in  health,  and  varieii  extremely  from  inHiguificaut  to 
really  considerable  amounts.  It  usually  happonsj  too,  especi- 
ally in  severe  pyrexia,  that  the  part  of  the  day  occupied  by 
the  period  of  exacerbation  ia  prolonged  at  the  expense  of  fche 
remvsitwn.  For  the  rest,  the  diurnal  fluctuations  in  fever  are 
generally  analogous  in  point  of  time  to  those  occurring  in 
health,  L  e.  the  acme  of  the  exacerbation  or  maximum  takes 
place  towards  evening,  while  the  low  point  of  the  remission 
or  minimum  occurs  in  the  early  morning  hours.  Yet  various 
deviations  from  this  regular  course  are  mot  with,  such  as  a 
change  in  the  respective  periods  amounting  it  may  be  to  their 
completo  reversal,  t.  e.  morning  exacerbations  and  evening 
remissions ;  and  the  appearance  of  one  or  even  two  secondary 
exacorbations  or  remissions  ia  still  more  frequently  observed. 
I  have  already  referred  to  the  manner  in  which  the  daily 
fluctuations  may  sometimes  iiitluenco  the  pyrogenetio  stage 
as  well  as  the  defervescence,  when  this  takes  place  slowly  ; 
their  influence  is  still  more  strikingly  apparent  during  the  fas- 
tigium.  According  as  the  daily  excursions  during  this  period 
are  groat  or  little,  it  is  usual  to  speak  of  diiforcnt  types  of  fever. 
The  type  is  cotUiniied  when  the  difference  between  maxi- 
mum and  minimum  is  very  slight,  amounting  at  most  to  a  few 
tenths  of  a  degree  ;  where  the  difference  is  somewhat  greater 
we  may  speak  of  febris  »ubco7Uinua  ;  and  if,  as  is  by  far  the 
most  common  occurrence,  especially  in  diseases  running  a  long 
course,  the  acme  of  the  exacerbations  exceeds  the  low  point 
of  the  remissions  by  one  or  more  degrees,  the  type  of  fever 
is  termed  TemiitmL  Contrasting  with  these  we  have  the 
intermittent  type,  which  is  characterised  by  the  alitrrtatiQii 
ofperiofU  of  hiyh,  with  intervaU  of  mtnnal  or  even  /fubnormal, 
teinperaturti.  In  this  type  each  febrile  period,  or,  as  it  is  usu- 
ally called,  each  attack  or  jfurozysm  of  fever  reprodacea  more 
or  less  closely  the  entire  course  of  a  febrile  alteration  of 
temperature,  having  an  initial  period,  a  fastigium,aud  a  period 

*  Cf.  tbi!  numerous  iii«uuiurf*n)entii  of  Jiirii^onHrti.  *  L>.  Korpcrwhrmn  dw 
^t^aunUen  Meii»cbeu/  Leipaig,  1873;  Jtivgi;!',  '  U.  A.  f.  kliu.  Mod,,'  uux, 
p.  516. 
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of  defervescence,  while  during  the  apyrexial  intervals  none 
of  the  symptoms  peculiar  to  fever  are  manifested,  so  far  at 
least  as  the  temperature  of  the  body  is  concerned.  If,  never- 
theless, we  do  not  speak  in  these  cases  of  a  number  of  sac- 
cessive  febrile  diseases,  but  of  a  fever  of  the  intermittent 
type,  this  mode  of  expression  is  justified  by  the  fact  that  the 
successive  attacks  of  fever  always  depend  on  a  single  disease  ; 
it  is  a  single,  and  not  repeated  infection  by  the  virus  of  ague 
or  relapsing  fever,  that  is  the  cause  of  the  entire  series  of 
paroxysms. 

Nothing,  you  perceive,  could  be  more  erroneoas  than  to 
assnme  that  the  state  of  the  temperature  in  febrile  diseases 
presents  no  other  differences  than  are  involved  perhaps  in 
the  intensity  and  duration  of  the  process.  So  numerous  are 
the  variations  that  it  is  quite  impossible  to  give  a  general 
description  of  them.  It  is,  however,  enough  in  my  opinion, 
when  studying  the  pathology  of  the  febrile  process,  to  be 
aware  that  such  differences  in  the  course,  and  variations  in 
the  type,  of  fever  occur,  while  a  perfect  knowledge  of  all  the 
details  is  superfluous.  He  who  is  face  to  face  with  some 
particular  febrile  disease,  aud  desires  to  understand  and 
treat  it,  must  not  only  know  whether  fever  and  what  degree 
of  it  is  present,  but  will  find  an  accurate  knowledge  of  the 
course  and  type  of  the  fever  of  very  special  value.  In  the 
three  decades  which  have  barely  elapsed  since  Tranbe  and 
Baerensprung  first  placed  the  thermometer  in  the  axilla  of 
a  patient,  there  has  been  accumulated — thanks  chiefly  to  the 
unceasing  labours  of  Wunderlich — such  aru  endless  number 
of  observations  on  the  state  of  the  temperature  in  the  various 
diseases,  that  to-day  there  is  perhaps  no  character  or  function 
with  the  behaviour  of  which  in  disease  we  are  so  accurately 
acquainted  as  the  bodily  heat.  Efforts  have  been  made  on 
every  hand  to  determine  whether  in  a  particular  febrile  disease 
the  initial  stage  is  long  or  short,  whether  the  type  of  fever 
is  continued,  remittent,  or  intermittent,  whether  during  the 
course  of  a  disease  one  typo  succeeds  another,  and  whether 
the  defervescence  occurs  by  crisis  or  by  lysis ;  further,  to 
ascertain  how  high  the  temperature  rises  and  how  great  are 
its  variations  in  a  particular  disease  or  in  certain  periods  of 
it,  how  long  the  faatiginm  lasts,  and  on  what  day  from  the 
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cotiimeucement  of  tho  diaeaae  defervesceuce  asually  begins^ 
&c,  Iq  fact,  a  knowledge  speedily  began  to  be  acquired  thai 
a  great  number  of  diseases,  espooially  those  which  as  re- 
garda  their  other  63rmptoms  also  pass  through  a  more  or  lees 
regular  cycle  and  then  terminate,  are  characterised  by  a  defi- 
nite behavioar  of  the  temperature  curve  which  is  repeated  in 
all  essential  particulars  in  the  individual  cases.  In  these 
diseases,  among  which  I  shall  only  mention  typhoid,  pnen- 
monia,  measles,  relapsing  fever,  this  knowledge  has  grown 
to  be  one  of  the  most  valuable  and  reliable  aids  to  diagnosis  ; 
yet  even  as  regards  maladies,  the  tempt'rature  curve  of  which 
does  not  appear  to  possess  a  definite  and  constantly  repeated 
regularity,  an  accurate  knowledge  of  the  temperaburo  is  of  iu* 
dispensable  service  in  properly  estimating  theircourse.  There 
is  no  lack  of  such  affections.  Just  as  inplenritis,  rheumatic 
endocarditis,  and  even  in  diphtheria  of  the  fauces,  there  is 
not  even  an  approximate  agreetueut  between  all  the  iadi- 
vidual  cases  as  regards  the  course  of  the  symptoms  generally 
and  in  particular  the  anatomical  changeSj  so  it  is  also  with 
the  pyrexia  in  these  diseases  ;  the  anatomical  process  may 
stop  at  any  imaginable  sta^e  of  its  development  without 
passing  through  a  prescribed  series  of  alterations,  none  of 
which  would  be  absent  in  typhoid  or  pneumonia,  and  simi- 
larly there  could  be  nothing  more  inconstant  than  the 
course  of  the  fever,  whether  in  respect  of  absolute  height, 
type,  or  duration,  &c.  And  these,  remember,  are  acute 
diseases.  In  chnmic  affections  any  approach  to  constancy 
of  the  temperature  curve  is  quite  out  of  the  question.  Here 
it  is  often  impossible  to  define  even  the  ordinary  stagt*s  of 
fever.  For  since  the  chronic  diseases,  nnless  originating  iu  an 
acute  affection,  are  wont  to  develop  insidiously  and  gradually, 
it  is  generally  impossible  to  fix  on  an  actual  initial  period. 
But  it  would  be  no  less  arbitrary  to  regard  a  period  of  several 
months,  during  which  the  disease  continues,  as  a  long  fasti* 
^ium,  although  the  most  conspicuous  variutions  of  tempera- 
ture,  the  ulteruatiou  of  paroxysms  of  fever  with  apyrcxia,  a 
type  at  one  time  continued  at  another  discontinued,  point 
nnmistakubly  to  the  fact  that  very  different  causes  may  call 
forth  the  single  febrile  paroxysms  in  the  course  of  the  long 
disease.     Finally,  should  recovery  take  place,  the  commence- 
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ment  of  defervescence  cannot  as  a  rule  be  distinguished,  and 
it  is  nothing  unusual  for  several  elevations  to  occur  before  the 
definitive  decline  sets  in,  which  even  then  takes  place  verr 
gradually  and  only  by  very  pronounced  lysis. 

Now,  however  thoroughly  we  may  be  acquainted  with  the 
course  of  the  temperature  in  febrile  diseases,  and  however 
certain  it  is  that  the  heat  of  the  body  is  increased,  this  fact 
alone  is  quite  insufficient  to  adequately  characterise  fever. 
For,  as  you  are  aware,  the  bodily  temperature  can  be 
raised  above  normal  by  a  variety  of  factors,  without  its  oc- 
curring to  any  one  to  call  every  such  elevation  "febrile/' 
We  wisely  reserve  this  term  for  a  rise  of  temperature  taking 
place  under  certain  circuinstances ;  we  connect  with  it  the 
idea  of  setiology,  which  many  may  not  be  conscious  of,  and 
which,  while  it  cannot  yet  be  accurately  characterised,  cer- 
tainly signifies  something  more  than  the  mere  expression 
"  from  internal  causes/'  Accordingly,  if  we  desire  to  obtain 
an  insight  into  the  conditions  of  the  febrile  process,  we  must 
first  acquaint  ourselves  with  the  cattaea  of  fever,  and  the  cir- 
cumstances under  which  it  is  observed. 

In  a  great  number  of  cases  the  fever  is  an  associated 
symptom  and  supervenes  upon  some  local  affection  of  an  in- 
flanunatory  kind ;  it  is  secondary,  or,  as  it  is  termed  techni- 
cally, symptomatic.  Should  a  person  from  any  cause  acquire 
a  fibrinous  or  fibrino-purulent  pleuritis,  or  a  pericarditis  as  the 
result  say  of  the  rupture  into  the  pericardium  of  a  cancer  of  the 
cesophaguB,  or  a  meningitis  in  consequence  of  the  perforation 
of  a  carious  focus  of  the  petrous  portion  of  the  temporal,  he 
is  certainly  at  once  attacked  by  fever  ;  fever  also  sets  in  when 
a  phlegmonous  inflammation  or  a  suppurative  arthritis  be- 
comes established  anywhere ;  the  classical  example,  however, 
of  such  symptomatic  fever  is  that  which  occurs  after  severe 
injuries — so-called  wound'fever.  Inasmuch  as  in  cases  of  this 
kind,  the  cause  of  the  fever  is  apparently  so  obvious,  there 
was  a  time  when,  influenced  more  especially  by  the  recently 
acquired  pathologico-anatomical  facts,  a  number  of  writers 
were  unwilling  to  recognise  any  other  fever  except  this  sym- 
ptomatic one.  Instead  of  resorting  to  unbiassed  observation, 
they  did  not  hesitate  to  delude  themselves  by  such  state- 


STVPTOHATIO   AND    ESSENTIAL   FEYBBS.  1361 

ments  as  "  fever  is  inflammation  become  general "  into  an 
appearance  of  understanding;  while  others,  better  trained 
in  scientific  methods,  believed,  like  Zimmermann,'**'  that  the 
increased  heat  of  the  body  might  be  referred  solely  to  the 
excessive  heat-production  at  the  seat  of  the  inflammation. 
To-day,  now  that  we  know  that  an  abnormally  great  amount 
of  heat  is  not  produced  in  the  inflammatory  focas  (cf.  vol.  i, 
p.  277),  we  can  afford  to  pass  over  the  theoretical  reasons 
which  are  opposed  to  such  a  view.  Yet  the  connection  be- 
tween inflammation  and  fever  proves,  on  more  close  examina- 
tion, to  be  even  less  intimate  than  might  perhaps  appear 
from  the  foregoing  remarks.  Not  only  can  true  and  indu- 
bitable, and  moreover  really  severe^  acute  inflammations,  such 
as  nephritis,  occur  unaccompanied  by  fever,  but  there  may 
be  no  increase  of  bodily  heat  in  exquisitely  purulent  acute 
inflammation.  A  person  on  whom  amputation  has  been  per- 
formed and  the  stump  treated  without  antiseptics  may  have 
profuse  suppuration^  but  has  usually  no  fever ;  and  similarly 
the  making  of  an  ample  incision  into  a  part  undergoing 
phlegmonous  suppuration  is,  as  a  rule,  followed  by  a  com- 
plete fall  of  temperature,  although  the  suppuration  goes  on 
actively  enough. 

While  it  is  accordingly  evident  that  fever  cannot  be  re- 
garded as  simply  a  function  of  inflammation  or  suppuration, 
we  find  additional  proof  of  this  in  the  extensive  group  of 
fevers  which  run  their  course  in  the  absence  of  any  concur- 
rent inflammatory  affection,  or  if  such  be  present,  without 
any  dependence  upon  it,  and  to  which  therefore  the  old  ex- 
pression "  essential "  might  be  applied.  I  refer,  I  need 
hardly  say,  to  the  febrile  infective  diseases.  For  in  a  number 
of  them,  e.  g,  typhus,  relapsing  fever,  and  the  malarial  affec- 
tions, Loflammatory  processes  are  completely  absent  when  the 
disease  is  uncomplicated  ;  in  a  number  of  others,  such  as  en- 
teric fever  and  smallpox,  though  necrotic  and  purulent  foci 
make  their  appearance  during  the  course  of  the  disease,  they 
are  not  related  to  the  fever  and  develop  only  after  this  has 
reached  its  acme  ;  and  if  in  scarlet  fever  and  measles  a  wide- 
spread but  not  per  se  severe  inflammation  of  the  skin  is  estab- 

*  ZimmermaDD,  'Deatsch.  Klinik/  1863,  Nos.  i,  41,  44,  1863;  Nos. 
43—49- 
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lished,  so  little  is  this  the  cause  of  the  high  fever,  that  it 
does  not  precede  but  invariably  follows  the  rise  of  tempera- 
ture. Moreover,  in  genuine  pleuro-pnenmoniaj  no  demon- 
strable relationship  of  dependence  subsists  between  the  in- 
flammatory infiltration  and  the  fever ;  as  a  rule  the  rigors 
introduce  the  disease  in  its  entirety,  while,  on  the  other  hand, 
the  inflammation  often  continues,  and  may  even  progress, 
after  the  crisis  is  passed.  Finally,  it  is  doubtful  even  whether 
the  fever  of  cerebro-spinal  meningitis  or  of  acute  rheuma- 
tism is  really  secondary  and  dependent  on  the  local  inflam- 
matory affection,  and  not  rather  equivalent  to  the  fever  of 
enteric  and  of  the  acute  exanthemata. 

On  now  inquiring  by  what  means  all  these  infective  diseases 
and  so  many  local  inflammations  give  rise  to  a  febrile  eleva- 
tion of  bodily  heat,  we  again  find  that  experiment  has  pre- 
pared the  way  for  a  discussion  fruitful  of  results.  Billroth* 
and  C.  0.  Weber,t  with  whose  names  is  associated  thiq  ad- 
vance, so  extremely  important  for  the  whole  doctrine  of  fever, 
found,  contemporaneously  and  independently,  that  animaU  are 
attacked  by  fever  when  a  decomposing  animal  or  vegetable  eub^ 
stance  is  introduced  into  the  subcutaneous  cellular  tissue  or 
directly  into  the  blood.  Such  an  experiment,  which  is  best 
carried  out  on  large  dogs  or  other  large  animals,  runs  some- 
what the  following  course.  Soon  after  the  injection  the 
dogs  grow  uneasy,  and  either  lie  cowering  or  are  very  rest- 
less ;  many  become  cold  and  tremble ;  after  an  hour  or  two, 
and  rarely  later,  the  rectal  temperature  begins  to  rise,  and 
reaches  its  acme  in  four  or  five  hours.  At  the  elevation  then 
attained — i,  I's  ,  or  2"  and  even  more  above  normal — the 
bodily  heat  is  maintained  for  some  time, — in  the  worst  cases 
till  the  approach  of  death,  which  takes  place  three  or  fonr 
days  after  the  injection ;  in  more  favorable  cases,  for  eight 
to  ten,  or  twenty-four  to  thirty-six  hours,  whereupon  the 
temperature  gradually  declines  till  the  normal  values  are  re- 
established. Whether  the  coarse  is  favorable  or  not  depends 
for  one  thing  on  the  quantity  of  material  injected,  but  still 
more  on  its  composition  :  the  more  putrid  it  is,  the  greater 

•  Billroth, '  Langenbeok's  A./  ii,  p,  325 ;  vi,  p.  373  ;  xiii,  p.  579^ 
t  C.  O.  Weber,   <  Berl.  klin.  Woohenwhr./   1864,  No.  39;  '  D«at«ob* 
Klinik,'  1864,  No*.  48— 51 ;  1865,  Noi.  3—8. 
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will  be  tbe  danger  to  life,  while  we  may  count  with  some  de- 
gree of  certainty,  on  the  other  hand,  un  producing  a  more 
or  less  violent  fever  indeed,  yet  no  threatening  putrid  in- 
toxication, if  we  employ  freah  good  pas,  the  so-called  pus 
bonuvi  et  laiidabile,  purulent  sputum,  the  juice  expressed  from 
an  inHamed  organ,  or  blood  obtained  from  a  fever  patient. 
For  the  rest^  the  serum  alone  of  pus  suffices  to  excite  fever, 
nor  does  the  pus  lose  its  pyrogenic  capacity  on  being  dried 
at  a  gentle  heat  and  then  diffused  in  water ;  it  causes  no  ele- 
vation of  temperature, however, when  ithaslongremained  stag- 
nant in  tbe  body,  when  it  has  undergone  fatty  degeneration, 
become  inspissated,  or  acquired  the  characters  of  the  contents 
of  so-called  cold  abscesses.  From  these  facts  it  may  logically 
bo  inferred,  I  think,  that  the  products  of  acute  iuflammation, 
more  especially  when  purulent,  contain  at  a  certain  period  one 
OP  more  subfitaucea,  which,  tm  entering  the  rxrcxtlaiionf  give  rise 
to  a  febrile  elevation  of  temperature.  In  this  way  the  second- 
ary or  symptomatic  fever  is  Hitiolcgicaily  explained,  while  its 
occasional  absence  under  apparently  identical  conditions  is 
also  rendered  intelligible.  For  to  produce  fever,  the  pyro- 
genie  substances  mus*t  not  only  be  present,  but  must  he  ab» 
sorted  into  the  juices  of  the  body.  Absorption  follows  most 
certainly  when  the  products  of  inflammation  are  contained 
in  the  close  meshes  of  a  little  distensible  tissue  and  are  con- 
sequently under  considerable  tension  ;  it  usually  completely 
fails  to  take  place  when  the  inflammatory  products  are  free 
to  escape,  as  in  nephritis  or  an  amputation  stump  treated  with- 
out dressings;  and  since  an  incision  into  a  suppuratiug  part 
allows  the  free  j)aRsage  of  the  pus  from  its  place  of  produc- 
tion outwards,  further  absorption  and  consequently  the  fever 
are  terminated  by  it. 

There  has  been  no  want  of  investigations^  into  the  nature 
of  the  pyrogenic  substances  since  the  early  experiments  oi 
Billroth  and  Weber.     The  first  question — whether  the  effect 

•  Cf.  more  especially  Bergraann,  *  Prterab.  mod.  Zeit«cbr./  xv,  7  lind  8, 
1867 ;  Prese,  *  Eiperiment.  B«itrag(?  zur  AHiologit*  J.  Kieberv/  Inaug.. 
Divert.,  Dorpat,  1866;  Klebs,  '  Correspondenibl.  f.  achwciiu  Aerzte.  1871, 
No.  9. ;  Tiegftl,  •  Ueber  d.  fieber^rregpuden  Eif^^iiKrliafttfii  d.  Mii(ni»|ior. 
Sept.'  Inaug.-DiHiwrt..  Kern.  1871;  in  Klebc*  '  Arbniirn  ans  d.  U'tner 
patholog.  ln«t.,'  1B73,  p.  130;  SenaUir.  *  M«l.  Contrulbl.,  187,^  p.  H4 ; 
Kehrer»  *  A.  f.  experim.  Patbolog./  ii,  p.  33. 
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is  produced  by  cells  contained  in  the  exudation — ^was  indeed 
soon  settled^  by  the  fact  already  mentioned,  that  the  Bemm 
of  pus  is  active,  and  no  less  by  the  pyrogenic  properties  of 
animal  and  vegetable  putrid  fluids.  But  when  we  at  pre- 
sent contrast  a  dissolved  with  a  corpuscular  agent  in  the  in- 
flammatory products,  it  is  not  with  reference  to  the  cellular 
elements  of  our  bodies,  but  to  lowly  organisms;  and  their 
possible  participation  is  the  more  deserving  of  consideration, 
as  it  is  pre-eminently  the  inflammations  with  purulent  exuda- 
tion that  are  distinguished  by  an  energetic  pyrogenic  capa- 
city. So  soon  as  we  adopt  the  notion  of  throwing  the  re- 
sponsibility of  the  fever  on  the  exciters  of  inflammation 
contained  in  the  inflammatory  products,  we  at  one  stroke 
open  the  path  to  the  febrile  infective  diseases,  which,  yon 
know,  owe  their  origin  solely  to  the  invasion  by  schizomycetes.. 
And  is  there  not,  in  truths  something  very  seductive  about 
this  view,  when  one  observes  the  rise  of  temperature  in  the 
paroxysm  of  relapsing  fever  to  follow  immediately  the  appear- 
ance of  spirilla  in  the  blood,  and  the  disappearance  of  the 
latter  to  directly  precede  the  decline  of  temperature  ?  But 
even  so,  it  would  still  have  to  be  decided  whether  it  is  the 
schizomycetes  themselves  or  certain  chemical  substances 
produced  in  and  by  their  metabolism  that  give  rise  to  the 
fever.  Senator*  is  disposed  to  adopt  the  latter  alternative, 
because  he  succeeded  in  obtaining  a  strong  pyrogenic  ex- 
tract from  sputum  by  means  of  glycerine ;  and  Klebs  and 
Tiegelf  also  are  supporters  of  the  same  hypothesis,  since 
they  were  able  to  set  up  violent  fever  in  a  rabbit  by  inject- 
ing an  infusion  prepared  from  a  pneumonic  lung,  from  which 
they  believe  they  had  excluded  all  bacteria  by  filtration 
through  earthenware  cylinders.  Still  it  is  greatly  to  be 
wished  that  we  could  support  this  view  by  unexceptionable  evi- 
dence, and  in  particular  by  the  isolation  of  the  active  prin- 
ciple itself.  For  the  moment  we  may  indeed  neglect  this 
secondary  question,  all  the  more  so  as  true  fever  may  un- 
doubtedly originate  ioithout  the  co-operation  of  schizomycetee. 

*  Senator,  Med.  Centralb./  1873,  p.  84. 

t  Tiegel, '  Ueber  d.  fieberarregenden  EigeDschaften  d.  Mikroepor.  Sept^' 
Inaug.-Dinert,  Bern,  187 1;  in  Kleb's  'Arbeiten  ans  d.  berner  patholog. 
Inst/  1873,  p.  130. 
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After  an  injection  of  lamb's  blood,  the  unfortunate  patient 
is  always  attacked  by  a  naore  or  less  violent  paroxysm  of 
fever,  and  the  same  thing  may  be  observed  in  a  dog  into 
which  you  have  introduced  a  fairly  large  quantity  of  ox's  or 
cat's  blood,  although  by  direct  conduction  from  the  carotid 
into  the  femoral  vein  you  have  excluded  all  contamination 
by  schizomycetes.  Unmistakable  fever  is  also  occasionally 
observed  after  the  injection  of  large  quantities  of  distOled 
water  and  of  solutions  of  certain  poisons,  e.  g,  ammonium 
sulphide.  But  why  seek  for  such  unusual  and  some  of  them 
singular  examples,  when  wound  fever  daily  affords  a  most 
convincing  demonstration  that  fever  may  arise  without  the 
co-operation  of  bacteria  ?  It  is  indeed  true  that  those  severe 
septic  fevers  which  were  at  one  time  the  dread  of  the  wounded 
and  of  the  physician  have  now  practically  disappeared  from 
the  list  of  our  diseases,  thanks  to  the  abounding  benefits  of 
Lister's  discovery.  But  Yolkmann*  has  with  good  reason 
recently  drawn  attention  to  the  fact  that  healing  may  be  anti- 
septic and  yet  wound  fever  occur.  Despite  the  most  perfect 
antiseptic  treatment  and  the  most  regular  and  rapid  healing 
of  the  wound,  it  is  anything  but  rare  for  the  bodily  tempe- 
rature to  attain  an  elevation  of  40**  or  more  ;  and  should  it 
be  objected  to  this  that  the  settlement  of  bacteria  in  a  wound 
is  not  absolutely  excluded  by  Lister's  treatment,  all  doubt 
on  this  ground  is  dispelled  by  subcutaneous  injuries,  e.  g,  by 
simple  fractures  of  bone  and  contusions  of  joints.  If  in 
Yolkmanu's  clinic^  of  fourteen  ordinary  fractures  of  the 
femur,  no  less  than  eleven  were  accompanied  by  more  or  less 
violent  and  persistent  fever,  which  in  five  patients  amounted 
for  several  days  to  between  39°  and  40**,  and  in  four  lasted 
more  than  ten  days,  any  discussion  as  to  whether  fever  is 
always  an  efFect  of  lowly  organisms  is  quite  indefensible. 

Tet  one  cannot  fail  to  perceive  that  in  these  cases  also  a 
condition  has  been  established  in  which  foreign,  unrelated^ 
and  moreover  readily  decomposable  substances  may  enter  the 
juices  of  the  physiological  organism.  For  every  severe 
trauma  must  necessarily  be  attended  by  a  deatmotum  of 
kind  of  tissue-elements,  sometimeB  to  a 

*  Genzmer  und  Yolkmum,  'YoUcmaimV  ** 
b1m>  Edelberg, '  D.  A.  f .  Chir./  ziii,  p^  6t. 
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and  whether  we  have  in  these  cases  to  deal  chiefly  with 
blood-clots^  lacerated  medulla  of  bone^  ruptured  muscles,  or 
necrotic  adipose  tissaej  all  the  broken-down  and  mortified 
masses  disappear  by  means  of  absorption^  wholly  during  the 
healing  of  subcutaneous  wounds^  and  in  great  part  at  least 
where  the  skin  has  been  broken  through.     The  transfusion 
of  blood  from  a  different  species  is,  you  are  aware,  equally 
attended  by  a  rapid  destruction  of  numberless  blood-cor- 
puscles, and  the  poisons  giving  rise  to  fever  also  probably 
exert  without  exception  a  deleterious  action,  whether  on  the 
elements  of  the  blood  or  on  the  tissues  of  the  body  with 
which  they  come  into  contact.     Under  these  circumstances, 
we  shall  not  be  likely  to  err  if  we  attribute  the  fever  in  these 
cases  to  the  entrance  into  the  juices  of  the  body  of  the  pro~ 
ducts  of  an  acute  disintegration  of  the  tissues,  in  large  quan- 
tities.    Among  the  products  there  may  be  a  number  of  very 
different  substances  according  to  the  strncture  and  composi- 
tion of  the  dead  tissues.     You  no  doubt  remember,  from  oar 
former  discussions  on  the  coagulation  of  the  blood  as  well  as 
on   coagulation-necrosis   (vol.   ii,  p.  563),   the  facts  which 
render  it  highly  probable  that,  during  the  destruction  and 
disintegration  of  protoplasmic  cells,  foreign  substances  are 
as  a  rule  set  free,  which  in  their  behaviour  and  properties 
either  completely  agree  with  or  are  closely  related  to  Alex. 
Schmidt's  fibrin-ferment  of  the  blood.     To  this  ferment  the 
attention  of  the  Dorpat  school,  to  which  onr  chief  knowledge 
of  it  is  owing,  has  been  directed  as  bearing  on  the  satiology 
of  fever,  its  possible  relations  to  elevation  of  the  bodily  tempe- 
rature  having  been   submitted    to  the  test  of  experiment. 
Experimental  investigation  showed,  in  fact,  that  the  injection 
of  yure  solutions  of  fibrin-ferment,  which  were  not  so  con- 
centrated  as  to  cause  immediate  extensive  coagulation   in 
the  vascular  system  (cf.  vol.  i,  p.  239),  gave  rise  in  the  ani- 
mals experimented  on  to  a  number  of  severe  symptoms  re- 
calling putrid  intoxication,  with  a  rapid  and  very  considerable 
elevation  of  temperature.     That  Edelbcrg,*  the  originator  of 
thoHO  interesting  experiments,  should  feel  himself  justified 
in  asking  on  the  strength  of  them,  whether  pathological  fever 
i.H  not  always  connected  with  the  presence  of  largo  amounts 
*  Kdelberg,  'A.  f.  exper.  Patholog./  xii,  p.  383. 
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of  fibrin-ferment  in  the  blood  is  intelligible  enough.  Yet 
much  evidence  must  bo  accumulated  before  wo  cau  answer 
tiiis  question  in  the  affirmative.  At  present  it  will  be  judicious 
to  admit  unreservedly  that  we  are  not  in  most  cases  exactly 
acquainted  with  the  actual  cause  of  tho  fever;  while  at  the 
same  time  the  analysis  of  tho  categories  of  fever  occurring 
pathologically  shows  that  their  onset  is  always  preceded 
by  the  entrance  into  the  lymph-  and  blood-circulations  of 
what  we  may  call  in  general  terms,  a  noxious  a^eni,  and 
that  the  fever  may  to  some  extent  be  regarded  as  the 
reaction  of  the  organism  to  the  noxa  which  has  entered 
it.  Tct  this  agent  wo  are  uuablo  to  characterise,  however 
anscientific  this  may  Bound,  except  by  its  capacity  of  ex- 
citing fever;  at  most  we  may  add  that  it  is  organic  in 
nature.  What  we  in  some  measure  know  aro  the  general 
conditions  in  which  the  agent  originates ;  for  we  are  aware, 
ill  the  first  place,  that  it  is  formed  under  the  influence  of 
many  infective  schizomycetes,  either  as  the  prodact  of  their 
own  metabolism  or  in  consequence  of  their  action  on  the 
animal  organism ;  and,  iu  the  second  place,  that  it  makes  its 
appearance  without  the  intervention  of  bacteria,  when  tissue- 
elements  of  our  organism  are  rapidly  destroyed  in  large 
quantities — tLafhrin-femient — hence  frequeutly  in  nou-infec- 
tivo  inflammations.  But  supposing  that  we  were  much  more 
accurately  and  completely  acquainted  with  the  nature  and 
properties  of  thepyrogenicaguMit  than  is  at  present  the  case, 
we  should  still  require  to  explain  tho  fcbrilo  rise  of  leinpe- 
raturo.  For  any  idea  that  the  elevation  of  temperaturo  is 
perhaps  the  consequence  of  tho  oxidation  of  the  y>yrogeuic 
substance  itself  is — to  say  nothing  of  other  objections — 
at  once  excluded  by  tho  fact  that  minute  quantities,  a  few 
cubic  centimetres,  of  pus  or  sputum,  suffice  to  produce 
severe  fever  in  a  fairly  large  dog.  If  the  introduction 
into  the  b<>dy  of  such  quantities  as  this  may  cause  a  rise 
of  teniporaturo  of  several  degn-cs,  it  can  only  be  by  the 
action  of  the  agent  on  the  factors  which  coutrol  the  heat- 
equilibrium  of  the  organism.  We  must  cxamino  how  these 
factors  react  to  the  agent  exciting  the  fever,  if  wo  desire 
to  obtain  an  iuiiight  into  tho  origiu  of  the  t'ebrdo  tempera- 
ture;   in  other  words,  the  task  of  investigating  the  state 
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of  the  production  and  loss  of  heat  during  fever   mast   be 
undertaken. 

To  determine  the  amount  of  heat  produced  during  fevor^the 
methods  employed  to  this  end  in  healthy  men  and  animals 
are  available.  We  can  either  measure  the  amount  of  heat 
given  o£E  during  a  certain  period  calorimetrically^  and,  taking 
into  account  any  alterations  of  bodily  heat  occurring  daring 
the  same  time>  we  may  calculate  the  heat-production,  or  we 
may  determine  the  amount  of  heat  produced  in  a  measure 
indirectly  by  examining  the  oxidative  processes  taking  place 
in  the  body  during  the  given  interval,  these  processes  being 
the  only  sources  of  heat  in  the  febrile  organism  also.  Both 
these  methods  have  been  followed  for  several  decades  by  a 
number  of  writers,  and  though  still  remote  from  our  goal,, 
we  are  in  possession  of  some  valuable  facts  in  this  domain. 
As  regards  the  metabolism,  in  the  first  place,  there  was  till 
lately  a  complete  dearth  of  systematic  experiments  on  the 
oxygen-consumption  in  cases  of  fever,  and  it  is  only  a  very 
short  time  since  we  were  supplied  with  some  results  bearing 
on  this  highly  important  point.  On  the  other  hand,  a  pro- 
portionately large  number  of  writers  have  undertaken  the 
task  of  investigating  the  final  products  of  the  metabolism  in 
fever.  As  regards  the  nitrogenous  products,  the  results  of 
all  investigators  are  in  most  satisfactory  agreement.*  For 
in  every  fever  without  exception,  whether  symptomatic  or 
essential,  whether  its  course  is  typical  or  atypical,  whatever 
its  type,  whether  in  the  initial  stage,  fastigium  or  period  of 
defervescence,  the  excretion  of  the  nitrogenous  constituents  of 
the  urine  is  increased,  the  increase  involving  chiefly  the  urea, 
but  also  the  uric  acid  and  kreatinin.  Obviously,  this  result 
will  not  appear  in  a  proper  light,  except  the  remaining  factors 
which  influence  the  excretion  of  nitrogcnons  matters,  and 
chief  among  them  the  consumption  of  food,  be  taken  into 
account.  Values  such  as  are  found  in  a  healthy  person  who 
consumes  large  quantities  of  meat,  are  seldom  attained  by 

•  Tranbe  und  Jockmann,  in  Tmubc's  *  Ges.  Abhai»U.,'  ii,  p-  286 ;  Huppert, 
*A.  d.  Heilkande/  i86<»,  p.  i,  contains  numerous  references  to  the  older 
literature;  Riesenfeld,  *  Virch.  A.,'  xlvii,  p.  130 ;  Unruh,  ibid.,  xlviii* 
p.  237 ;  Naunjn,  *  A.  f.  Anat.  und  PhysioL/  1870,  p.  159 ;  Senator, '  Unter- 
5achaiigeo/  p.  94,  et  eeq. ;  SchuUzcu, '  Charitc-Annaleu/  xt,  p.  168. 
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ilio  nrca-excretioo  of  a  fevcr*|>aticQi;  bat  tlie  latter  will  be 
found  to  be  in  oxcess,  whon  com|mrfed  with  tbe  area  excreU>d 
by  a  healthy  person  on  the  name  diet.  The  absoluto  amount 
of  this  increase  of  uroa  is,  it  is  true,  irregular.  Suiuu  liavo 
beliuvctl  themselves  justified,  on  the  strength  of  very  numer- 
ous uud  careful  ostimationA,  in  laying  down  the  ruUi  that 
ihc  avionni  of  urca-froduriion  in  general  keeps  pnr.c  aUh  the 
elevation  of  the  temperalHro.  Others,  however,  have  fniled 
to  convince  themselves  of  the  correctness  of  this  ruJo,  whiclv 
is  chiefly  npheld  by  Hupport;  moreover,  in  fevers  of  a  ro- 
mittoDt  or  intermittent  character,  the  only  mode  in  which 
urine  can  bo  obtained  in  man  does  not  admit  of  nnr  forming 
any  certain  opinion  n&  to  the  relations  between  the  bodily 
heat  and  the  condition  of  the  urine.  That  considerable  de- 
viations from  the  above  rule  occur,  is  confessed  by  Hupj)ert 
also.  Thus,  in  very  badly  nourished  individuals^  the  pro- 
ductioTi  of  urea  may  be  slight  despite  the  presence  of  th<? 
high  fever;  and  whilcj  on  the  one  hand,  the  most  abundant 
urea-excretion  does  not  usually  occur  at  the  commencemont 
of  the  fever  bnt  during  the  next  few  days,  even  though  the 
temperatnre  has  not  altered  and  has  certainly  not  increiised,. 
we  observe,  on  the  other  hand,  tliat  in  cases  of  prolonged 
fever  there  is  a  reduction  in  the  production  of  area,  althougK 
no  fall  of  bodily  temperature  baa  yet  occurred.  La^itly, 
during  the  stage  of  defervescence,  the  area-excretion  not  an- 
commonly  increases,  and  in  febrile  diseases  which  fcenninati^ 
by  crisis  it  is  almost  the  rule  for  au  abundant  so-called  cpt~ 
criiifftl  increase  of  urt-a  to  take  place  during  the  couple  of 
days  following  the  crisis  when  the  trmj>cratnre  is  perfectly 
normal.  This  is  certaiul^r  iDde|>endent  of  the  cousunkptioD 
of  food,  and  can  hardly  bo  attributed  to  an  inundation  of 
the  organism  with  urea  during  the  fev«*r;  it  tells  nithcr  for 
the  belief  that  the  increase  of  albaminouu  waste  brought 
about  by  the  exciter  of  the  fever  is  not  completed  at  tho 
cribiH*  or  at  any  rate  that  its  fiaal  producta  wero  not  then 
pro<Inced,  But  the  greater  the  uumbi^rof  factors  inihiruemg 
the  amount  of  the  urea-increase  in  fever,  the  more  intelligible 
is  the  irregularity  in  its  absolute  vsdue,  tit  which  referciico 
was  already  made.  The  increase  may  be  only  extreujvly 
trifling  or  may  amouai  to  Uire^t  timtMihc  normal  vahte.     It  i& 
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indeed  nodiing  nnoBoa]  £or  a  70001?  and  rigorons  man  saffier- 
ing  frotn  an  acote  difgawe  to  eiacnate  pro  die,  despite  tlie 
smcteEC  ferer-diet  and  smallest  anKMmt  oC  food,  as  miid  as 
4^^—45  or  50  grams  urea  or  eren  more,*  wlale  a  person  vitk 
nonnal  tempeTaxore  taking  the  same  diet  voiild  at  most  pro- 
dnce  16^1  S  grams  in  tbe  trentr-foar  liovrs.  To  laj  dowm 
arerage  Ta}aes  vbere  tlie  conditions  are  so  extremelr  mifike 
is  alvajs  a  dnbioiis  proeeedicg,  ret  massj  writers  have  at- 
tempted, on  tbe  basis  of  a  smaller  or  larger  number  of  obser- 
Tations,  to  fix  the  aren^  increase  of  area ;  tiins  Lieber- 
meisterf  has  foand  an  increase  of  70  per  oent^  Unnibt  pr^ 
casdr  tbe  same,  while  Senator}  has  obeerred  an  aTerage  of 
more  than  100  per  cent.,  1. «.  an  increase  to  at  least  doable 
the  nonnaL 

Ko  doabt  can  be  entertained  as  to  the  significance  of  this 
increased  excretion  of  nrea :  it  prores  that  an  imereate  of 
the  ditifitegraticm  of  albvmimomt  suh&f^ncet  takes  place  in  the 
organism,  and  since  these  snbstanoes  are  not  introdooed  as 
food,  that  the  disint^rating  albumen  is  that  of  the  bodj  it* 
selL  We  maj  assert  this  with  absolute  confidence,  becaose 
it  is  ntterlj  impossible  to  explain  the  augmented  excretion 
on  the  supposition  that  the  nrea  prerionslj  produced  has  been 
stored  np  in  the  organism.  I  will  not  say  that  the  prodnc- 
tion  and  excretion  of  nrea  always  take  place  exactfy  pari 
pasfu ;  the  amoont  of  water-excretion  will  more  especially 
exert  a  certain  amount  of  infloence  on  the  excretion  of  nrea. 
Yet  an  actual  storing  np  of  this  easily  diffusible  substance 
is  quite  out  of  the  question,  and  the  entire  amount  of  nrea 
which  under  the  most  favorable  circumstances  can  be  con- 
tained in  the  tissues  would  not  even  suffice  to  cover  the  in- 
crease of  urea-excretion  during  a  febrile  period  of  twenty- 
four  honrs'  duration,  to  say  nothing  of  a  fever  lasting  several 
days  or  weeks.  Gscheidleo,!'  moreover,  has  convinced  him- 
self by  direct  estimation  that  in  dogs  in  which  fever  is  set 

*  Senator,  loc  cit^  p.  9;. 

t  LiebenDekter.  *  Huidb^*  pu  315. 

♦  Unnili,  loc.  cit^  pt  a68. 
§  8eBstor»  loc  ot^  il  ioi. 

II  Gad«dlen,'StefieaalNrd.Unvn;^teHaiMtB&iBThiakorper/ 
1871. 
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tip  by  the  injection  of  pas»  tbe  urea-coutonta  of  the  blood 
and  different  organs  do  not,  during  and  subsequently  to  the 
iovcr^  show  any  departure  from  the  normal  and  arc  certainly 
not  diminished.  Whether  all  the  organs  and  tissues  of  the 
body  share  iu  the  increase  of  albuminous  waste,  and  if  not, 
which  are  chiefly  preferred,  we  are  not  yet  able  to  say  with 
certainty  ;  I  shall  shortly  make  you  acquainted  with  the  few 
indications  we  possess  on  this  point.  A  still  more  interest- 
ing question  porhaps  is  the  relation  between  the  augmented 
albuminous  waste  and  the  rise  of  tomperataro.  According  to 
theexperimentsof  Naunyu*  and  Schloicb^t  recently  discussed, 
we  cannot  at  once  reject  the  possibility  that  the  increased 
production  of  urea  is  simply  the  result  of  the  augmented 
bodily  heat,  and  from  this  point  of  view  the  parallelism  sup- 
posed by  Huppert  to  exist  between  urea-productiun  and  height 
of  temperature  would  have  still  greater  fundamental  import- 
ance. Yet  the  fact  that  in  very  many  oases  the  curves  of 
urea-production  and  of  bodily  heat  are  very  far  from  run- 
ning parallel  appears  to  me  clearly  to  tell  against  the  exist- 
ence of  80  simple  a  relationship  of  dependence.  Moreover, 
this  view  is  directly  disproved  by  the  evidence  obtained  fay 
Naunynt  in  the  septic  fever  produced  by  injecting  ichorous 
fluid  into  a  dog ;  for  he  found  that  the  increase  of  the  urea- 
production  takes  place  as  early  as  the  latent  fei-iodof  the  fever, 
t.  e.  previoasly  to  the  marked  rise  of  temperature. 

To  regard  the  increased  urea-production  in  an  opposite 
light,  aa  a  source  of  the  over-production  of  heat  is  still  moro 
open  to  objection.  For  it  proves  simply  that  larger  quanti- 
ties of  albumen  are  undergoing  disintegration,  while  affording 
no  information  as  to  the  actual  heat-forming  oxidative  pro- 
cesses. Hence  for  oar  purpose,  that  portion  of  the  meta- 
bolism whose  final  products  are  water  and  carbonic  acid  has 
incomparably  greater  importance.  The  respiratory  exchange 
of  gases  in  fever  has  during  the  last  ten  years  formed  the 
subject  of  many  investigations,  both  in  man,§  and  also  in 

•  Nannjn,  *  A.  f.  An&t.  und  Phrniolog./  1870,  p.  159. 

t  Scbleicli,  'A.  f.  experim.  Patbolog./  Ivt  p.  8j. 

J  Niiunyn,  loc  cit, 

§  Lcytlen,  *  D.  A.  f.  klin.  Mod./  rii,  p.  536 ;  Lie  bonne  Uter,  ibid.,  viii. 
P<  i^  ; '  Handbach/  p.  331,  €i  §eq. ;  Wortheiin. '  Dontsch.  A.  f.  klin.  Med.,* 
XV,  p,  173 ; '  Wiener  med.  WoobeoMbr./  1876^  No«.  3 — 7  ;  1878,  No».  32 — ^35. 
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animmh.*  TW  farmer  pr«se«fc  Ae  great 
YBTKMs  febrfle  dinafleseaB  be  iacladed  ib  the  n^e  of  tke 
iBTeat^BtioBy  bet^  on  the  otber  band,  only'  nvelf  afoed  aa 
oppovtaxxity  of  eiiwiaiag  tbe  iaiftial  period,  aad  ia 
Terj  imperfiecliy'  adxtt  of  a  eaapansoa  betweea  tbe 
daage  of  gaaea  takn^plaee  ia  tbe  aane  iaJiiiJaal 
fever  aadia  tbe  abaeaee  of  pyrexia.  ladogSyOatbe 
tbe  Urt  meatioaed  diawbacfc  does  not  exist,  bat  to 
tbis  adraataga  tbe  oalf  fever  tbat 
is  tbat  prodaeed  by  ii^eetioBS  of  pas  or  tbe  liki^  i.  <l 
tbe  aefiic  It  is  tbe  sore  Batter  for  euagfatalatioa,  tibere- 
fore,  Aat  despite  tbeae  vanoas  desidenOa,  afl  tbe 
tioas — maaa^  vbicb  tbrse  <rf  Lejdea  are 
tiagoiabed  bj&eaamber  aad  lei^tb  of  tbe 
rriiabtlitj  of  Oe  appaiatas  cMpIo jed,  and  tbe 
Bstaonof  sD  Ae  uaMliliiww  veqainag  to  be  eoosideved- 
tmMfntlMj  to  tbe  saase  reaak,  ud  prove  tbat  f&e  cmttHiam  «f 
rarbomie  meid  a»  imeremmd  Jm  ■'■  j^Saper,  Tbe  greateat  iacrcaac^ 
to  tvo  and  a  balf  tisMa  tbe  aorval,  was  observed  bv  lieber- 
metster  darii^  ^ke  fever-cbill,  vbicb,  ia  view  of  Ibe 
Boscalar  BOveBeata  of  &e  f^or,  wiD 
Tet.  Leydea  was  able,  evea  wbea  tbe  fever  did 
vritb  a  cbill,  to  detefiae  the  aagBeated  Wi»iaatBoa  of 
carboaie  sod  daiiag  Ae  iaitial  stage,  so  sooa  as  tbe  bodily 
beat  of  tbe  aasBals  was  at  aD  aotably  increased,  Tbe  ia- 
tiiasi  pfTsisfa  tbiti^buat  tbe  faskigiam,  sad  is  tbe  ^Kve 
■aiked  tbe  men  tbe  tiBptisfaii  ezaeedi  tbe  aovmsL  ia 
Ban,  Leydea  foaad  aa  tbe  avenge  aa  inoeMe  of  C(V«ii- 
tw«"***«»  to  aboatoae  aad  a  balf  tiBes  tbe  aovBal;  licber- 
iw,  at  tba  acBe  d  tbe  fever,  aa  excess  of  19 — 31 
eeal.,  and,  wbile  tbe  tCBpeialnre  was  risiag,  bat  ia  tbe 
of  ngan»  30 — 40  per  eeal.  In  tbe  dog,  ScBstor  ob- 
served on  tbe  aiusgu  aa  iainaM.  of  37  per  oeat., and  never 
saw  Bore  tbaa  57  per  esnt. ;  Leydea,  oa  the  other  band,  in 
whose  inJBsH  tbe  fever  was  greater,  foand  aa  increase  of 
70—80  per  oeat.,  as  wiBpared  with  the  CO^-elinuBstMii  o£ 
a  dog  which  has  fMlfd  fer  aa  eqasll j  long  time  with  tbe  fe- 
brfle  aaiasl;  tbe  sasB  ofaaerw  foand,  it  is  tne,  only  40^ 

•  Sii   li  .'A>ff.AaSLa.Pbys,*t^y%n.t 
KtgimmA9^kd,*Tmk.A^'iam^f 
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50  per  cent,  on  an  increase  of  bodily  heat  of  about  1.5°,  and 
still  less  when  the  fever  was  slighter.  In  the  Htagc  of  de- 
fervescence, the  excess  of  carbonic-acid  excretion  gradually 
becomes  less  and  less  as  the  temperatnre  falls ;  there  is  no 
fresh  epicritic  uugmeutation,  such  as  occurs  with  the  nren. 

While  one  is  at  first  sight  inclined  to  regard  this  in- 
creased elimination  of  carbonic  acid  as  a  certain  proof  of 
the  augmentation  of  the  oxidative  processes  during  fever. 
Senator  has  sought  to  show  that  the  uiore  abundant  carbonic- 
acid  excretion  in  fever  might  depend  on  the  yielding  up  by 
the  organism  of  a  greater  portiou  of  its  store  without  any 
increase  of  production.  There  is  tlie  more  need  to  consider 
this  possibility  hero  aa  a  number  of  factors  are  present  in  the 
febrile  organism  which  greatly  facilitate  the  excretion  of  the 
carbonic  acid  contained  in  the  blood.  Amongst  thijse  ho 
counts  the  greater  difference  Ijetween  the  temperature  of  tho 
body  aud  that  of  its  surronndiugs,  which  is  known  to  favour 
all  procesHCs  of  dissociation  ;  further,  the  increased  frLMjuency 
of  tho  respirations,  and  lastly/ the  probable  incretise  of  acid- 
production  in  the  blood,  takirig  place  pari  prnttiu  with  tho 
risu  of  temperature.  That  these  factors  are  actually  pre- 
sent dnriug  fever  and  act  in  the  manner  claimed,  has  been 
proved  by  an  investigation  of  Geppert,*  who  found  that  in 
septic  fever  the  carbonic-acid  contents  of  the  bloc*d  of  a  dog 
were  abnormally  reduced  in  proportion  to  the  elevation  of 
temperature.  Since,  however,  this  decrease  never  sets  in 
till  the  fever  has  lasted  some  time,  and  is  absent  in  the  ear- 
liest period,  Leyden  and  Frtinkel  have  probably  hit  open  tho 
true  view,  when  they  refer  only  a  small  fraction  of  the  exces- 
sive elimination  of  carbonic  acid  during  fever  to  the  more 
favorable  conditions  of  excretion.  That  any  greater  import- 
ance attaches  to  this  factor  is  rendered  improbable,  in  the  first 
place,  by  the  duration  of  the  increased  carbonic-acid  excre- 
tion, which  is  conterminous  with  the  whole  course  of  the  febrile 
disease,  and  which,  in  my  opinion,  only  becomes  intelligible 
on  the  assumption  that  the  production  of  this  gas  is  increased 
in  an  equal  degree.  Furthermore  we  are  acquainted  with  no 
other  case  where  this  point  has  boon  investigated,  in  which 
a  laitintj  increase  in  tho  elimination  of  carbonic  acid  is 
•  Ovppert,  <  ZtKhr.  f.  klin.  Med./  ii.  HlU  X 
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DOt  at  tbe  same  time  associated  witlk  a  corresponding: 
of  oxvgen-absorptioD,  and  there  is  therefore  from  the  start  no 
jastification  for  substitating  another  relationship  in  ferer,  so 
long  as  direct  estimationsof  the  oxygen  absorbed  do  not  prore 
its  existence.  As  already  remarked,  we  were  not  till  recently 
in  possession  of  systematic  estimations  of  the  oxygen-absorp- 
tion, or  rather  we  were  acquainted  with  only  a  single  obserra* 
tion  on  this  subject,  which  Colasanti*  incidentally  made — hj 
a  very  exact  method,  it  is  true — on  a  guinea-pig  with  ferer, 
during  an  investigation  into  the  dependence  of  the  amount 
of  the  metabolism  on  the  temperature  of  the  surroundings. 
This  one  observation,  however,  gave  positive  results,  inas- 
much as  with  only  a  moderate  degree  of  fever,  an  increase 
of  COa-elimination  by  24  per  cent,  together  with  an  augmen- 
tation of  oxygen-absorption  of  iS  per  cent,  was  determined. 
This  single  experiment  has  since  then  been  supplemented  in  a 
very  desirable  way  in  two  laboratories  by  the  independent 
researches  of  Znntzt  and  D.  Finkler,^  and  though,  it  is  true, 
we  are  as  yet  in  possession  of  only  a  summary  of  their  results, 
both  researches  agree  in  showing,  that  in  the  septic  fec^r  of 
the  rabbit  or  guinea-pig  the  al»^rpiion  of  orygen  and  excretion 
of  carbonic  acid  are  con^derably  increased,  and  almost  to  aa 
equal  extent.  Since,  however,  a  moderately  persistent  angmen- 
tation  of  oxygen-absorption  without  an  increase  of  the  orida^ 
live  processes  is  inconceivable,  we  are  justified  in  concluding 
that  these  processes  are  considerably  intensifed  in  fever. 

Whether  and  in  what  degree  the  formation  of  water  by 
the  oxidation  of  hydrogen  is  increased  in  the  metabolism  of 
fever-patients,  on  this  point  we  have  00  information,  if  for 
no  other  reason,  because  we  are  unable  to  distinguish  between 
this  water,  produced  by  the  organism  itself,  and  that  which 
passes  through  the  body  after  having  been  introduced  as 
such  from  without.  The  investigations  hitherto  carried  out 
on  the  total  excretion  of  water  in  fever  are  not  free  from 
considerable  sonvoes  of  error;  and  even  had  they  yielded 
more  trustworthy  results  than  is  actually  the  case,  they  would 
not  allow  of  our  coming  to  any  absolute  conclusion,  since  w» 

*  Cobonti,  *  Fiiig.  AV  ^v,  p.  195. 
t  Zats.'A.lPbva»kis,*i88s,pLii5. 
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are  qaite  nninformod  as  to  whether  the  water-conteuts  of  the 
tissues  und  organs  are  altered  in  fever.  Moauwhiie  we  may 
here  aafely  disregard  tho  water,  because  the  iucroaaed  forma- 
tion of  carbonic  acid,  proved  to  occur,  is  itself  sufficient  evi- 
dence of  the  cjrceMsive  hvat-prodttcilon  in  fcvvr.  What  had 
been  guessed  at  by  the  older  physicians  or  inferred  for  reasons 
to  whieh  wo  do  not  now  attach  any  weight,  ia  to-day  in- 
dubitably established;  and  wo  might  unhositatiugly  affirm 
the  foregoing  law  oti  the  streng-th  of  investigations  into  the 
metaboliam,  even  did  no  calorimetric  e^titnatious  exist,  whose 
results,  as  you  will  soon  hear,  arc  in  complete  conformity  to 
it.  But  however  unquestionable  the  fact  that  iu  fever  the 
heat-prod  action  is  relatively  increased  as  compared  with  the 
non-fc'biile  condition,  this  alone  does  not  throw  much  light 
on  tho  febrile  riso  of  temperature.  Taken  absolutely,  the 
augmentation  of  the  heat-produciug  processes  is  not  at  all 
great.  For  tho  albuminous  waste  and  hence  tho  excretion 
of  urea  of  a  fover-patieut  may,  it  is  true,  nearly  approach 
that  of  a  healthy  person  taking  a  fair  or  even  an  abundant 
supply  of  food ;  but,  us  correctly  dwelt  on  by  Senator,  the 
actual  oxidative  processes  in  fever  are  not  augmented  in  the 
same  degree  as  is  the  disintegration  of  albumeuj  and  certainly 
the  greatest  observed  increase  of  CO^j-olimination  fullH  much 
short  of  that  which  takes  place  in  a  healthy  person,  who  has 
consumed  a  large  quantity  of  food,  especially  if  rich  iu  fat, 
or,  still  more,  who  is  undergoing  forced  muscular  exertion. 
Bat  if  during  such  abundant  heat-production  the  temperature 
of  a  healthy  person  remains  unchanged,  or  at  most  rises  a 
few  tenths  of  a  degree,  why  is  not  this  also  the  case  in  fever 
patients  ?  You  know  tho  means  whereby  the  healthy  avoid 
tho  disturbing  effects  of  increased  heat-produotion  ;  it  is  by  a 
corresponding  augmeutation  of  the  loss  of  heat.  To  this  con- 
clnsion  we  are  inevitably  compelled.  If  with  the  same 
original  temperature  and  the  same  production  of  heat,  one 
individual  maintains  the  bodily  heat  at  its  previous  elevation, 
while  the  other  develops  three  to  four  degrees  of  fever,  this 
cannot  possibly  be  due  to  anything  bat  an  inequality  in  the 
amount  of  heat  lost.  The  ways  and  mechanism  by  which 
the  loss  of  heat  is  effected  in  health  are  known  to  you  ;  let 
us  now  see  what  we  know  of  the  amount  of  loss  in  fever 


1376  FEVEB. 

:and  of  the  behaviour  of  the  factors  which  are  concerned 
in  it. 

The  question  of  the  loss  of  heat  in  fever  has  already  a 
history.  The  older  pathologists  had  regarded  it  as  self-evi- 
dent that,  corresponding  to  the  greater  difEerence  in  tempe- 
rature between  a  fever  patient  and  his  surroundings,  more 
heat  is  given  off  by  him.  Then  in  the  sixth  decade  of  this 
century,  Nasse  and  Fick  pointed  out  that  a  diminution  of  the 
loss  of  heat,  even  in  the  absence  of  any  increase  of  heat* 
production,  indeed  despite  a  possible  decline  of  the  latter, 
can  raise  the  temperature  of  the  body.  Yet  to  Traube  un- 
questionably belongs  the  great  merit  of  having  given  this 
factor  the  place  which  it  deserves  precisely  in  fever.  In 
a  carefully  matured  theory  in  which  no  side  of  the  fever  pro- 
cess was  neglected,*  he  has  attempted  to  deduce  the  febrile 
rise  of  temperature  only  and  solely  from  the 'diminished  loss 
of  heat,  which  itself  depends  on  the  vigorous  contraction  of 
the  small  arteries  supplying  the  peripheral  parts  of  the  body 
with  blood.  When  the  agent  exciting  the  fever  acts  with 
great  intensity  on  the  vaso-motor  system  of  nerves,  whether 
owing  to  the  great  excitability  of  the  latter  or  because  the 
agent  has  entered  the  blood  in  large  quantities  at  once,  there 
takes  place  a  rapid  increase  of  bodily  heat,  while,  on  account 
of  the  rapidly  developing  difference  of  temperature  between  the 
peripheral  and  central  terminations  of  the  sensory  nerves,  a 
Hgor  occurs ;  if,  however,  the  excitation  of  the  vaso-motor 
nerves  is  feebler  and  only  very  slowly  reaches  its  acme,  the 
pyrogenetic  stage  extends  over  a  longer  period ;  similarlyj 
the  rapid  relaxation  of  arterial  tone  corresponds  to  the  rapid 
decrease  or  crisis  of  the  fever,  the  slow  relaxation  to  the 
lysis.  Great  was  the  sensation  created  by  this  doctrine; 
yet  from  the  very  first  it  met  with  opponents,  who,  while 
admitting  the  ingenuity  of  the  conception  and  its  skilful 
application  to  all  the  details  of  fever,  yet  refused  their  assent 
to  the  cardinal  point,  the  asserted  diminution  of  the  loss  of 
heat.  Traube  himself  had  not  proved  the  occurrence  of  a 
diminution  by  positive  observations,  but  had  merely  inferred 
it  from  certain  phenomena,  in  particular,  of  the  fever-chill. 
For  a  number  of  other  writers,  the  doctrine  formed  an 
•  Traube.  •  Ge«,  Abhaadl.,'  ii,  p  637. 
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inccniWo  to  au  examination  lij  suitable  roothods  of  tlia  loss 
o[  heat  in  fevor.  Liebermcieter,*  IIattwich,t  and  otliers 
have  carried  onfc  such  obsorvatioMH  by  placing  fevcr-paticnts 
in  baths  uf  water,  and  have  found  that  more  heat  iK  giveu 
<>ff  by  them  to  a  measnrod  quantity  of  water  of  accurately 
known  toniporaturo  than  in  health.  More  importance  attaches, 
however,  to  the  numerous  measurements  carried  out  by 
Leydon^  in  various  febrile  diseases,  because  these  taku  into 
account  not  only  the  loss  of  heat  by  conduction,  as  in  the 
bath -experiments,  but  the  loss  by  evaporation  also.  In 
carrying  them  out,  he  employed  a  suitably  constructed  calori- 
meter, into  which  was  introduced  not,  it  is  true,  the  entire 
body  of  the  patient,  but  a  considerable  portion  of  it,  namely 
on<t  ley,  and  this  was  allowed  to  remain  in  it  on  each  occa- 
sion for  two  hours.  He  found  as  the  result  that  tk*^  loss  of 
heat  in  fever  xm  cojufiderahly  {ncreased  an  wmparml  with  the 
iUfTinal.  Finally,  Senator^  has  calorimetrically  determined 
the  loss  of  heat  in  dogs  rendered  febrile  by  injections  of 
pus,  and  found  that  it  is  increased  at  the  acme  of  the  fever, 
though  less  markedly  than  was  the  cose  in  Leyden's  patients 
— a  difference  easily  explained  by  the  much  slighter  clev&» 
tion  of  temperature  iu  the  dogs. 

While,  accordingly,  the  different  authors  are  perfectly 
agreed  that  more  heat  is  lost  to  the  surrounding  medium 
during  fever  than  in  health,  it  is  no  less  certainly  established 
that  the  ahaolute  ammini  of  UtHM  is  very  unequal  in  the  different 
febrile  itha^es.  Leyden's  figures  are  the  most  instructive  in 
this  respect,  though  those  of  other  writers  do  m»t  essentially 
differ  from  them.  The  loss  of  heat  is  greatest  during  the 
period  of  defervescence,  and  here,  especially  during  the 
critiail  fall  of  t-emporature,  it  may  amount  to  twice  or  three 
times  the  normal.  The  least  degree  of  loss  occurs  during 
the  initial  stage  ;  when  this  stage  is  short,  the  lo^^s  only 

•  Tjtelienxieister,  *  Ana  d.  mod.  Ktinik  7.u  Bok^I.'  Leipxij;,  |8(58,  p.  I3l. 

t  Haltwirh.'Ein  Boitroj^r.,  d.  LlnU'i-Hncliuiif^n  ubon!.  Unuirben  d.  Tem- 
l>«iatunst«ij^ning  in  fieberlmficn  Krankheileo/  Innu^.-Dissert..  Uvrlin, 
1869. 

J  Lcyden, '  D.  A.  f.  Idin.  Med,/  v,  p.  271. 

§  Seiuitor,  '  Untennicliiing«n/ Ca)).  i»  and  p.  137.  Similar  restilts  have 
been  obtained  by  Wood  (*  Fever/  p.  166.  el  teq.)  by  «xperimenU  on  dogs 
and  rabbits. 


1878  PBVBE. 

slightly  exceeds^  and  may  during  the  chill  be  less  than,  tlie> 
normal.  Daring  the  fastiginm,  lastly,  the  increased  loss  of 
heat  may  in  higli  fever  amoant,  on  the  average,  to  from  one 
and  a  half  times  to  twice  the  normal.  I  say  on  the  average  ; 
for  it  is  precisely  in  this  stage  that  the  most  conspicuous- 
fluctuations  are  apparent,  and  that  too  without  any  corre- 
sponding change  in  the  temperature  of  the  body.  It  has 
been  repeatedly  determined  that  the  loss  of  heat  during: 
moderate  and  rather  high  fever  temperatures  was  less  thaa 
when  the  temperature  was  lower ;  and  one  may  convince 
one's  self  of  the  occurrence  of  such  fluctuations  not  merely 
in  different  persons,  but  in  one  and  the  same  patient  during 
the  course  of  a  febrile  disease. 

These  fluctuations  do  not,  however,  militate  against  the 
fact  that  the  loss  of  heat  is  increased  throughout  the  fever,, 
and  since  this  increased  loss  coincides  with  a  rise  of  bodily 
temperature,  it  affords  a  welcome  conflrmation  of  the  results 
arrived  at  by  investigating  the  metabolism,  and  proves  that 
there  is  an  increase  of  heat-production  during  fever.  This 
conclusion  is  unassailable  as  regards  the  fastigiam,  and  no- 
less  so  for  the  period  of  rising  temperature,  when  the  loss  o£ 
heat  is  augmented  during  it :  on  the  other  hand,  with  respect) 
to  the  defervescence,  especially  if  rapid,  where  the  greatly 
increased  loss  coincides  with  the  rapid  fall  of  temperature, 
the  assumption  of  an  excessive  heat- production  does  not 
appear  justifiable  without  further  evidence,  and  may,  as  a  rule^ 
be  dispensed  with.  For  the  stage  of  chill,  however,  a  calcu- 
lation first  made  by  Immermann,*  and  afterwards  more 
thoroughly  carried  out  by  Liebermeister,t  has  shown  that 
during  this  period  also  the  production  of  heat  must  of  neces^ 
sity  be  considerably  augmented.  Taking  the  heat  capacity 
of  the  body  to  equal  o'83,  they  found  that  a  person  whose 
temperature  has  risen  during  a  short  fever-chill  by  2°  or  more 
has  ezperienced  a  much  greater  accession  of  heat  than  would 
under  normal  circumstances  be  produced  ;  and  that,  conse- 
quently, even  the  complete  cessation  of  all  and  every  lossof 
heat,  or  the  most  perfect  heat-retention,  would  not  be  suffi- 

*  Immermann, '  De  morbiB  febrilibtu  quiBsttones,'  Inaog.-Pusert.,  Berlin,. 
i860 ; '  DeutMh.  Klinik,'  1865,  NO0.  i,  4. 
t  Liebermeiflter,  *  Handb./  p.  30a,  ei  seq. 
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cient  to  bring  about  the  rise  of  tempcraturOi  to  say  notbing 
of  its  actually  doing  so  where  the  loss  of  heat  during  the 
fever-chill  is  only  a  little  less  than   normal.      You  perceive 
then  that  Traube*s  theory  cannot  even  be  maintained  for 
that  stage  of  fever,  on  the  observation  of  which  it  was  based, 
and  that  in  its  original  unqualified  form^  in  which  the  increase 
cf  heat-production  was  absolutely  denied,  it  is  completely 
disproved.      For  it  is  at  present  positively  established  that 
in  ftiver,  except  perhaps  dnriog  the  stage  of  defervescence, 
both  the  production  and  loss  of  heat  are  tntreased  above  the 
norfnal.      But  by  the  recognition  of  this  fact,  it  is  clear  that 
the  febrile  elevation  of  temperature  is  not  in  any  degree 
elucidated  ;  at  first  sight,  indeed,  new  difHculties  apparently 
crop  up.      Since  an  elevation  of  bodily  temperature  can  only 
be  due  to  the  preponderance  of  production  over  loss  of  heat, 
the  rise  of  temperature  in  fever  would  be  equally  intelligible 
if,  as  Traube  assumed,  the  loss  were  considerably  reduced 
while  production  remained  unaltered,  or  if  production  alone 
were  increased  without  a  simultaneous  augmentation  of  the 
loss.     But  how  are  we  to  explain  matters,  since  both  are  in 
reality  increased  iu  fever  ?      In  what  consists  the  differenco 
from  a  healthy  person,  who  compensates  for  an  increase  of 
production  only  and  solely  by  a  correspondingly  increased 
loss,  and  in  this  way  maintains  his  bodily  heat  at  a  normal 
elevation  ?     But  however  contradictory  the  known  facts  may 
fippetir,  you  will  not  be  disposed  to  sacrifice  your  we11-estab«. 
lisLed  physical   conceptions,  tlio  less  so  as  there  is  a  very 
simple  way  out  of  all  those  difficulties.     The  bodily  heat 
remains   unaltered   when  the  increase  of  heat-production  ift. 
attended  pari  pa8»u  by  a  correspnndiiigJy  incrtased  loss  of 
boat,  or  iu  other  words,  when  the  latter  is  augmented  to  the 
same  extent  as  the  former.     Thus  it  is  in  health ;  but  is  it 
so  in  fever  ?     Does  the  increase  of  loss  correspond  tpian- 
iUaiively  to  the  increase  of  production  ?     That  is  the  ques- 
tion,  or   rather — it   is   uuquesttonahle    that    it  doett  not   dn 
so.      The  rise  of  bodily  temperature  proves  in  a  clear  and 
absolutely  irrefutable  manner  that  the  increase  of  loss  does 
not  keep  pace  with  the  augmented  production  of  heat,  and 
it  is  our  business^  not  to  demonstrate  the  inadequacy  of  the 
loss,  but  to  discover  the  canses  owing  to  which  the  loss  of 
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heat  in  fever  is  insufficient ;  for  there  is  no  donbt  that  the 
regfulation  of  the  temperature  in  feyer  is  disturbed  ;  it  is  the 
nature  of  the  disturbance  that  requires  to  be  cleared  up. 

Liebermeister  evades  the  difficulty  in  a  simple  and  cer- 
tainly a  peculiar  way.  After  carrying  his  examination  ta 
the  point  where  the  increase  of  production  and  loss  of  heat 
arc  established^  ho  attempts  to  get  over  the  real  problem  by 
saying'f  that  the  essence  of  fever  consists  in  the  regulation 
being  adjusted  at  a  higher  degree  of  temperature  than  in 
health.  Kegulation  goes  on  in  fever,  and  thoagh  not  quite 
so  ample  as  in  healthy  persons,  takes  place  in  the  same  direc- 
tion ;  while  the  temperature  in  health  is  regulated  at  37** 
approximately,  the  fever-patient  maintains  a  temperature  of 
perhaps  40°.  To  this  view  Senator  has  raised  the  objection 
that  in  fever  we  observe  anything  rather  than  a  persistent 
preservation  of  a  constant  temperature,  such  as  is  so  cha* 
racteristic  of  healthy  persons ;  rather,  it  has  been  apparent 
to  every  observer,  since  the  bodily  heat  was  first  systematic- 
ally measured,  that  the  temperature  in  fever  is  extremely  «n- 
stable^  This  is  perfectly  true,  but  does  not  directly  tell 
against  Liebermeister's  theory,  since  it  is  admitted  by  him 
that  the  regulative  mechanisms  act  less  promptly  and  amply  ; 
on  the  contrary,  Liebermeister  might  point  in  his  own  favour 
to  the  fact  that  the  temperature  in  fever  always  returns  ta 
its  high  elevation  despite  such  fluctuations.  The  theory, 
however,  does  not  appear  to  me  to  require  serious  refutation^ 
since  at  best  it  has  only  the  value  of  a  paraphrase  of  the 
actual  facts.  But  even  with  this  limitation,  which  is  now 
admitted  by  Liebermeister  himself,  I  cannot  think  his  view 
a  happy  one  ;  for  it  docs  not  stimulate  to  renewed  investiga- 
tions, but  rather  discourages  such  ;  moreover,  it  undoubtedly 
savours  somewhat  of  mysticism,  since  it  implies  that  the  nature 
of  man  may  bo  altered  in  a  moment,  and  one  of  its  inborn 
qualities  be  suddenly  converted  into  that  of  a  bird. 

Murri,t  on  the  other  hand,  attempts  a  genuine  reply  to  the 
question  engaging  our  attention.  He  disputes  the  existence 
of  any  fundamental  difference  between  the  heat  regulation  of 
a  healthy  person  and  of  a  fever-patient ;  and  if,  uevci*thcless^ 

•  Hanbd.,  p.  357,  et  $eq. 

t  Murri,  'Sulla  teoria  delta  fehbre/  Fermo,  1874. 
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the  latter  is  oDablo  to  got  rid  of  the  entire  excess  of  heat, 
this  depends  only  and  &oleIy  on  the  fact  that  in  fever  thi:  fto^^ 
ductiou  of  iuol  IN  eoiUinnottMltj  nugmenfed  xcHhout  the  itccur~ 
fence  of  any  yaxmes.  The  heat-production  of  a  healthy  per- 
son, whether  through  consumptiou  of  food  or  as  the  result  of 
lauACular  exertion,  invariably  lasts  for  only  a  liinitod  period, 
and  thtiH  allows  the  body  the  necessary  interval  for  getting 
rid  o£  the  cxcofls  of  heat;  did  analogous  pausuH  in  produc*tiou 
occur  dnrinj^  fever,  it  wouUl  at  least  be  a  question  whether 
the  temperature  of  fever-patients  would  not  also  rutum  to 
the  normal.  Tliis  is  in  fact  a  really  noteworthy  point  of  view^ 
which  is  supported  by  aomo  jthysiuloyical  fxporioncos.  Ft>r 
we  know  that  an  extreme  increase  of  bodily  heat  may  bo 
produced  by  repeated  tetanisatiou  of  numerous  voluntary 
mnscles  ;  and  although  wo  cannot  hero  exclude  direct  dis- 
turbances of  loss  of  heat  (of.  vol.  iii,  p.  1324),  I  was  able  to 
inform  you  that  forced  voluntary  muscular  oxcrtion  causes  a 
measurable  rise  of  bodily  Icmporature,  which  may  persist  till 
the  body  has  during  rest  yielded  up  the  Hupertluous  heat  and 
thus  become  coolud.  Novorllieless,  Murri*s  viow  dtios  not, 
in  my  opinion^  suffice  to  explain  the  febrile  elevation  of  tem- 
perature. The  increase  of  bodily  heat  does  nut,  as  a  rule, 
amount  to  more  than  a  fraction  of  a  degree  during  forced 
muscular  exertion,  and  an  increase  of  a  whole  dcgret>  has  only 
very  exceptionidly  been  recorded  \  in  fever,  however,  wo  have 
to  deal,  not  witli  a  rise  of  one,  but  of  two  or  tlirce  degrees 
and  more.  To  make  the  diffttrence  still  more  con^^picuous, 
the  amoont  of  carbonic  acid  which  is  produced  oven  in  high 
fever  does  not  remotely  compare  with  that  which  Is  elimi- 
nated by  a  person  undergoing  severe  physical  exertion.  Ac- 
cordingly, it  is  absolutely  incorrect  that  a  healthy  person  gets 
rid  of  his  saperfliious  heat  only  in  the  intervals  of  rc^t  ;  rather 
the  loss  so  preponderates  during  exertion,  1.  e.  simultaut'ously 
with  the  plus  heat-production,  that  however  groat  the  hitter 
may  be,  the  body  becomes  at  most  one  degree  warmer,  and 
usually  not  oven  eo  niucli.  However  willingly  we  admit  that 
Mnrri's  explanation  is  based  on  a  correct  idea,  it  is  obviously 
impossible  to  avoid  eonrjuding  that  the  factors  on  which  tho 
loss  of  heat  depends  do  not  iu  fever  act  wilh  physiological 
promptness  and  energy,  but  behave  in  some  w^ay  faultily. 
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Sncb  a  fault  was  pointed  oat  by  Leyden*  in  one  of  his 
earliest  papers  on  fever^  namely,  the  change  in  the  evapora^ 
txon  of  water.  The  rule  of  the  healthy  physiological  condi- 
tion ia  that  a  rise  of  superficial  temperature  is  followed  by  in- 
creased evaporation  from  the  skin,  but  this  rule  does  not  hold 
in  fever.  Daring  the  fastigium  the  perspiration  is  in  general 
somewhat  augmented  as  compared  with  the  normal,  so  that 
the  increased  loss  of  water  from  the  skin  and  lungs  alone  ex- 
plains the  diminution  in  volume  of  the  urine  ;  yet  this  aug- 
mentation  of  the  insensible  perspiration  does  not  correspond 
to  the  degree  of  rise  of  temperature.  In  the  fever-chill, 
moreover,  the  perspiration  is  even  reduced  below  the  normal. 
These  relations  are  still  more  strikingly  apparent  as  regards 
the  secretion  of  sweat ;  though  this,  it  is  true,  is  a  subject 
which  still  needs  to  be  cleared  up.  In  healthy  persons  who 
are  free  from  fever,  every  rise  of  the  temperature  of  the  blood 
is  responded  to  by  a  profuse  secretion  of  sweat,  bat  the  great 
majority  of  fever  ^patients  do  not  sweat,  not  merely  during  the 
chill  stage,  but  during  the  fastigium  at  the  acme  of  the 
fever,  the  secretion  only  setting  in  on  the  fall  of  bodily  tem- 
perature ;  and  this  contrast  is  rendered  the  more  enigmatical 
as  there  are  a  number  of  febrile  diseases,  like  acute  rheu- 
matism, trichinosis,  acute  miliary  tuberculosis,  in  which  a 
copious  secretion  of  sweat  often  appears  at  the  height  of  the 
fever.  As  to  the  cause  of  the  dissimilar  behaviour  of  the 
secretion,  we  are  so  far  uninformed ;  and  certainly  no  patho- 
logist can  be  satisfied  with  the  suggestion  of  Luchsinger,t 
that  a  defective  irritability  and  depression  of  the  nervous 
system  accompanies  those  fevers,  in  which,  during  the  fasti- 
gium, no  secretion  of  sweat  seta  in.  We  must  at  present  be 
content  with  the  fact  that  in  the  great  majority  of  fevers  the 
hot  skin  is  at  the  same  time  dry  ;  and  we  shall  be  the  more 
disposed,  with  Leyden,  to  regard  this  condition  as  a  cause  of 
the  rise  of  bodily  temperature,  since,  as  already  remarked,  the 
reappearance  of  the  secretion  coincides  with  the  reduction  of 
bodily  heat,  and  is  profuse  in  proportion  to  the  rapidity  of 
the  fall  of  temperature. 

Still  it  will  be  well  to  avoid  overestimating  the  influence 

•  Leyden, '  D,  A.  f.  klin.  Med.,'  t,  p.  371. 
t  Luchsinger,  'Pflog.  A.,'  sir,  p.  369. 
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of  the  reJaced  perspiration  and  of  tbe  suppression  of  tba 
sweat  flccrotion  on  tho  bodily  boat  of  fever  patieuts.  The 
fact  just  mentioned^  that  profuse  sweating  is  present  in  many 
febrile  diseases,  is  enough  to  provo  at  least  that  the  febrile 
rise  of  temperature  does  not  depend  on  its  non-oocurrence. 
Furthor,  that  the  connection  between  secretion  of  sweat  and 
decline  of  temperature  in  fever  is  not  a  simple  one,  is  taught 
by  the  fact  that  in  tlio  crisis  tho  fall  of  temperature  begins 
before  sweating  commences.  That  no  exclaaive  import- 
ance attaches  to  tho  absence  of  the  secretion  in  fever^  ia 
most  strikingly  shown  by  tho  fact  that,  during  the  fastigium, 
even  the  most  profuse  sweating,  whether  produced  artificially 
by  the  injection  of  pilocarptn  or  depending  on  other  causes, 
need  not  necessarily  exercise  a  recognisable  influence  on  the 
body  heat ;  it  is  not  necessarily  attended  by  a  full  of  tempo* 
mturo,  and  may  even  be  followed  by  a  rise.  Lastly,  Leyden 
and  Frtiukel  Lave  recently,  with  perfect  justice,  pointed  out 
that  were  the  suppression  of  sweating  of  such  primo  import- 
ance in  fever,  it  would  follow  that  animals  which,  owing  to 
imperfect  development  of  the  sweat-glands  are  incapable  of 
sweating,  like  the  dog  and  rabbit,  could  not  possibly  develop 
fever;  which  is  clearly  opposed  to  actual  facts.  From  all  this 
it  may  be  inferred  that  the  causal  connection  between  tho 
diminished  evaporation  of  water  and  tbe  elevation  of  tempe- 
rature is  certainly  not  a  general  or  unlimited  one;  and  if 
both  so  frequently  coincide,  while  the  fall  of  temperature  no 
loss  often  goes  hand  in  liand  with  increased  secretion  of 
sweat,  still  it  is  open  to  discussion  whether  both  are  not  co- 
effects  of  the  same  cause,  namely  of  certain  conditions  and 
events  connected  with  the  entire  vascular  apparatus  ofiht  skin. 
That  ihenUnneo^is  circulation  in  fever  is  peculiarly  situated, 
must  always  have  been  apparent.  Wo  need  only  refer  to 
tho  fever-chill,  in  which  the  arterial  auasmia,  i.  r..  tho  ab- 
normal contraction  of  the  arteries  of  the  skin,  will  be  recog- 
nised by  every  one  at  the  first  hasty  glance.  Tliis  condition 
does  not,  it  is  true,  persist  after  the  chill  is  over,  but  on  the 
contrary  generally  gives  place  during  the  fastigium  to  a 
marked  redness,  i,  e.  to  an  increased  fulness  and  dilatation 
of  the  cutaneous  vessels.  Yet  at  this  time  also  signs  ara 
not  wanting  which  point  unmistakably  to  an  abnormal  state 
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of  the  cutaneoas  vessels  and  of  their  innerration.  The  re* 
cently  mentioned  instability  of  the  bodily  heat  in  fever  pa- 
tients is  itself  evidence  of  this.  If  in  fever  the  temperature 
at  once  rises  considerably  after  slight  mental  excitement  or 
trifling  mnscnlar  exertion,  this  is  indeed  most  plausibly  ex- 
plained by  a  sudden  reduction  of  the  loss  of  heat,  yet  it  is 
open  to  other  interpretation ;  the  circumstance,  however,  that 
a  short  and  trifling  exposure  to  cold  gives  rise  in  a  fever 
patient  to  a  violent  rigor  and  causes  a  striking  fall  of  ^mpe- 
rature  can  hardly  be  regarded  as  anything  but  a  proof  of 
faulty  regulation  on  the  part  of  the  cutaneous  vessels.  This 
defective  power  of  regulation  in  presence  of  changes  of  the 
surrounding  temperature  has  long  attracted  the  attention  of 
the  physician  and  the  experimenter.  Senator*  found  him- 
self obliged  to  use  warmer  water  for  the  calorimeter  in  the 
case  of  dogs  with  fever  than  in  the  non-febrile  state,  since 
the  febrile  animals  were  otherwise  unable  to  maintain  their 
temperature,  and  became  cooled  in  the  calorimeter.  Naunyn 
and  Dubczcanskit  found,  further,  that  the  bodily  heat  of  smiall 
animals  in  fever  was  very  seriously  disturbed  by  variations 
of  external  temperature  which  had  no  influence  in  a  non- 
febrile  healthy  condition ;  the  bodily  heat  of  rabbits  and 
guinea-pigs  in  fever  was  raised  on  exposure  to  external  tempe- 
ratures of  24° — 30°,  and  was  lowered,  in  spite  of  the  fever, 
in  air  at  15° — 18°.  Lastly,  the  entire  modem  therapeutics 
of  fever  by  cooling  is  based  essentially  upon  the  altered  regu- 
lation of  the  patients.  For  the  first  physicians  who  syste- 
matically employed  cold  bathing  in  fever,  in  seeking  to  ac- 
count for  the  effectiveness  of  this  treatment,^  came  to  the 
conclusion  that  the  baths  act  differently  on  fever  patients 
and  on  healthy  persons ;  the  cooling  thus  brought  about  is 
in  the  former  essentially  greater  and  in  particular  mare  per^ 
svitent  than  in  the  latter. 

Moreover,  we  have  evidence  of  a  very  different  kind  that 
the  state  of  the  cutaneous  vessels  m  fever  is  decidedly  ab- 
normal.    I  remind  you  above  all  of  Heidenhain's  experi- 

*  Senator,  *  Untersuchungen/  pp.  11,  151. 

t  V.  Dubczcanski  n.  Naunyn,  *A.  f.  experim.  Patholog.,'  i,  p.   x8l. 
D.  Finkler  met  with  similar  experiences. 
•  X  Cf .  e.  flr.  Jorgensen, '  B.  A.  £.  klin.  Med.,'  iv,  p.  333. 
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inents  on  the  iufluonce  exerted  hy  tbe  vaso-motor  system  of 
nerves  on  the  tempemture  of  the  body.*  He  baa  deter- 
mined, you  arc  aware,  that  director  reflex  stimulation  of  the 
vaso-niotor  centre  in  beultby  animals  causes  an  increase  in 
the  supply  of  blood  to  the  skin,  and  as  the  result  a  greater 
loss  of  beat  aud  lowering  of  the  internal  temperature.  On 
aim iJarly  irritating  tbevas(»-inotor  centre  in  dogs  in  whom  fever 
had  been  sot  up — also  whose  temperature  had  been  raised  by 
poisoning  with  strychnine — no  diminution,  of  hmiili/  heat  oc- 
cftrred  ;  no  effect  was  produced,  or  an  opposite  result  ensued^ 
hccaiufc  the  (ivmuiU  of  hlood  jlowin*j  through  the  tjUam'tiiis 
vessels^  as  proved  by  the  fall  of  superficial  temperature,  was 
diminiifhcdj  and  not  increased  ;  instead  of  an  aui^mcntation 
of  heat-loRs,  tlio  loss  was  reduced  in  the  dogs  in  which  fever 
had  been  set  up.  Hero  must  be  mentioned,  further,  a  pecu- 
liar phenomenon  which  may  often  be  observed  in  fever  pa- 
tients with  a  reddened  skin,t  namely  the  appearancr^  of  an 
in tcitse pallor  on  alight  cidaneous  irritatiotij  e.  g,  gentle  strok- 
ing with  the  fiuger-nail,  a  pallor  which  starting  from  the  spot 
irritated  extendn  on  every  side  till  it  has  reached  several 
times  iU  original  size  ;  the  skin  begins  to  grow  pale  about 
half  a  minute  after  che  stroking,  and  the  paleness  lasts  per- 
haps four  minutes,  wlien  it  slowly  disappears.  A  fact  re- 
cently discovered  in  Leyden's:^  clinic  also  deserves  notice, 
namely  the  slow  absorption  of  soluble  matonals  applied  snb- 
cutaneously  ;  while  iodide  of  potassium  usually  appears  much 
more  rapidly  in  the  urine  whon  injected  beneath  the  skin 
tlian  when  administered  by  the  stomach,  the  opposite  is  the 
case  during  the  height  of  a  fever. 

While  it  is  evitleut  from  these  facts  that  the  cutaneous 
vessels  bchavo  differently  in  fever  and  in  healthy  the  nature 
of  tbe  disturbance  docs  not  so  certainly  appear.  True,  the 
pallor  following  slight  irritations  can  hardly  be  regarded 
as  anything  but  a  sign  of  \nrrva.'>cd  irritahilitijj  and  it  was 
in  this  sense  also  that  lleideuliain  originally  explained  his 
experiments.  At  that  time,  however,  the  vaso-dilators  or, 
as  llcideuhain  has  called   them^  the    inhibitory  nerves  of 

*  Itcidtrnlioiii, '  I'fliig.  A/  iii,  |i.  504  ;  v»  p.  77. 

+  BKuuiler.  '  Med.  ConlralU./  1873,  p,  t;^. 
X  Leyden,  'Med.  CijnlralbJ./  1878,  p.  708, 
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tlie  cutaneous  vessels^  irere  not  yet  known ;  and  after  their 
discoverer  had  pointed  out*  that  the  increase  of  the  blood- 
stream through  the  skin^  which  in  healthy  animals  ensues  on 
irritating  the  vaso-motor  centre,  is  essentially  dependent  on 
excitation  of  the  inhibitory  nerves,  and  is  therefore  active, 
the  cause  of  the  opposite  condition  of  the  cutaneous  circulation 
in  fever  was  more  recently  sought  by  Leyden  and  Fraenkel 
in  a  deficient  irritahility  of  the  dilators  ;  in  fever  the  vessels 
are  less  capable  of  active  dilatation  than  in  health.  Conse- 
quently they  believe  that  the  marked  and  persistent  cooling 
of  fever  patients  after  cold  baths  or  cold  douches  may  be 
explained  by  the  exquisitely  stimulating  efEects  exerted  by 
cold  on  the  cerebral  system  and  its  centres :  in  consequence 
of  this  reflex  stimulation  of  the  centre  for  the  inhibitory 
nerves  of  the  cutaneous  vessels,  these  vessels  dilate  and  re- 
ceive a  larger  amount  of  blood,  so  that  for  a  time  the  regn- 
lation  and  therefore  the  bodily  heat  are  approximately  normal, 
till  the  stimulating  effect  of  the  cold  passes  o£E  and  the  im- 
perfect regulation,  i,  e.  the  high  fever,  is  re-established. 
Naunyn,t  owing  to  the  similar  behaviour  towards  external 
temperatures  of  his  febrile  animals  and  of  dogs  with  divided 
cervical  cords,  also  regards  it  as  most  probable  that  in  fever 
the  nerve-centres  which  preside  over  the  heat-regulation  in 
healthy  individuals  are  paralysed  or  at  any  rate  less  excitable ; 
but  in  this  connection  you  will  bear  in  mind  the  various 
doubts  to  which  I  gave  expression  when  dealing  with  lacera- 
tion and  division  of  the  cervical  cord  (vol,  iii,  p.  1343)  as  re- 
gards the  conclusions  which  have  been  drawn  therefrom. 

It  would  obviously  not  be  diflBcult  to  explain  most  of  the 
facts  referred  to  in  different  ways, — clear  evidence  that  the 
data  are  insufficient  to  afford  a  positive  insight  into  the  re- 
lations. Under  these  circumstances  a  very  reasonable  desire 
arose,  to  obtain  certain  results  by  employing  more  direct 
methods  in  investigating  the  cutaneous  vessels  and  the  blood- 
stream through  them  in  fever.  With  this  object  in  view, 
SenatorJ  had  recourse  to  direct  observation  of  the  cutaneous 
vessels  of  the  ear  in  animals,  more  especially  rabbits,  affected 

•  Ostroumoff,  *  Pfliig.  A./  xii,  p.  276. 

t  V,  Dnbczcanski  u.  Naunyn, '  A.  f.  experim.  Patholog.,'  i,  p.  181. 

%  SenatoT, '  Med.  Centralbl.,'  1873,  p.  85 ; '  Untenachungen,'  p.  153. 
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with  fever.  In  this  way  he  at  once  convinced  himself  that 
these  vessels  do  not  persistentlj  remain  in  one  unvarying- 
statCj  whether  of  dilatation  or  narrowing,  but  carry  out  their 
well-known  rhythiuical  contractions  and  relaxations,  though 
in  exaggerated  fashion  as  compared  with  the  normal.  He  ob- 
served the  vessels  undergoing  extreme  contraction^  so  that 
the  ear  grew  perfectly  pale  and  cold,  and  a  short  time  after- 
wards saw  the  blood  forcibly  shooting  into  the  extremely 
dilated  arteries,  with  the  result  that  the  entire  oar  immedi- 
ately became  injected  even  to  the  finest  vascular  ramifications; 
he  also  got  the  impression  that  the  alterations  of  the  flow 
were  not  only  more  striking  but  also  more  persistent  during 
each  phase  than  in  healthy  non-febrile  rabbits.  Yet  though 
these  observations  seem  very  positive,  eYcry  one,  who  has  had 
patience  enough  to  keep  tlio  rhythuiical  pulsations  of  the  ear 
vessels  long  under  observation  in  a  large  number  of  rabbits, 
knows  how  great  are  tho  individual  differences  both  as  re- 
gards their  intensity  and  succession,  and  how  deceptive  is 
consequently  the  attempt  to  come  to  any  conclusion  from 
quantitative  differences  in  these  pulsations  alone.  Hence 
more  far-reaching  importance  appears  to  mo  to  attach  to  the 
ifieasuteinenis  of  the  temperatiiro  of  the  alcin  in  fever,  whicli 
during  the  last  ten  years  have  been  carried  out  in  large 
numbers  by  several  writers*  in  a  great  variety  of  diseiisea. 
All  these  measurements,  whether  effected  by  thcrmo-electrio 
means  or  by  a  thermometer  placed  between  the  toes,  agree 
in  proving  that  the  tempemture  of  the  fhhi  prei*tniti  viuch 
greater  variations  at  the  height  of  a  fever  than  are  over 
observed  in  healthy  persons.  Symmetrical  portions  of  the 
skiU;  such  as  corresponding  clefts  of  the  toes  on  either  side, 
very  frequently  exhibit  different  degrees  of  heat ;  and  not 
only  80,  but  when  the  temperature  changes,  the  alteration 
docs  not  always  take  place  in  the  same  direction  in  both. 
Further,  as  regards  the  relation  of  the  cutaneous  to  tho  in- 
ternal temperature,  Schiilein  claims  to  have  fonnd  that  in 

•  L.  Jftcobjionf  '  Viri'h.  A./  Ixv,  p.  520 ;  S<;lnil»?»n,  ihid.,  Uvi,  p.  109 ; 
Wegscheider,  ibid.,  Ixix,  p.  172  ;  Schuck, '  Uebt'rd.  Schwankunpen  A.  Hftut- 
tMDperalurbei  Kicberkrflnkh./InAug..Di9»ert.,  Berlin,  1S7;  ;  Nic»^,  *  ITcber 
ti.  VerhiiUniw  J.  pfriiilioren  Tcmperfttur  znr  ocntralen  im  ScbweissBtadittm 
d.  MenwLon,*  Iiwug.-DisMrt.,  Berlin,  1877. 
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some  diseases^  like  pneumonia,  measles,  and  scarlet  fever, 
the  temperature  of  the  skin  always  conforms  to  and  movea 
with  that  of  the  axilla,  while  in  the  great  majority  of  febrQe 
diseases  such  conformity  does  not  exist.  Yet  the  other 
writers  on  this  subject  have  not  been  able  to  confirm  this  rela- 
tion in  the  diseases  just  named,  and  it  may  therefore  be  said 
generally  that  in  fever  the  course  of  the  internal  temperature 
need  not  ran  parallel  to  that  of  the  skin.  While  the  internal 
temperature  persistently  remains  at  a  very  considerable  el&* 
vation,  the  skin  may  at  the  same  time  present  an  alternation 
of  really  high  values  with  conspicuously  low  ones,  so  that, 
e,  ^.  in  a  patient  in  whom  the  fluctuations  of  axillary  tem- 
perature amount  to  little  more  than  one  or  at  most  two  de- 
grees, the  heat  of  the  skin  may  vary  as  much  as  i6°.  During 
the  fever-chill  the  fall  of  the  cutaneous,  evidently  coincides 
with  the  rise  of  the  internal,  temperature  ;  in  the  sweating 
stage  both  temperatures  are  approximately  the  same,  and  in- 
deed the  skin  may  be  warmer  than  the  axilla.  Lastly,  the 
results  of  calorimetric  investigations  may  also  be  utilised  in  es- 
timating  the  condition  of  the  cutaneous  arteries,  and  I  remind 
you  therefore  of  a  characteristic  feature  which  appears  very 
prominently  from  Leyden's  estimations,  namely  the  striking 
variations  in  the  amount  of  heat-loss  without  any  analogous 
alterations  of  bodily  temperature  (cf.  vol.  iii,  p.  1377). 

The  agreement,  you  perceive,  could  not  be  more  complete  > 
measurement  of  the  cutaneous  temperature,  determination  of 
the  loss  of  heat,  and  the  direct  observations  of  Senator  all 
teach  that  during  the  height  of  a  fever,  the  state  of  fulness  of 
the  cutaneous  vessels  and  the  hlood'Stream  through  them  are 
liable  to  continual  variations  of  much  greater  intensity  than 
in  non-febrile,  healthy  individuals.  After  periods  of  strong 
arterial  hypercemia,  during  which  the  skin  is  warm  and  gives 
off  much  heat,  there  occur  intervals  of  marked  ansBmia  with 
cooler  skin  and  slighter  heat-loss,  and  when  these  have  lasted 
for  a  time  they  are  again  interrupted  by  periods  of  conges- 
tion. No  sort  of  regularity  in  the  duration  or  sequence  of 
these  variations  has  hitherto  been  recognised,  and  it  is  un- 
likely that  such  regularity  exists,  if  for  no  other  reason, 
bcKtanse  the  state  of  fulness  of  the  cutaneous  vessels  in  the 
variona  areas  of  the  body  is  usually  very  nneqnal ;  while  the 
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hands  are  palc^  the  skin  of  the  trauk  may  be  markedly  red, 
and  a  thermometer  placed  between  the  toes  may  show  much 
higher  values  ou  one  side  than  on  the  other.  To  enable  ua 
to  satisfactorily  deduce  these  varying  conditions  from  altera- 
tions in  the  state  of  irritability  o!  the  vessel-nerves  or  centres 
which  control  the  arteries  of  the  skin,  our  knowledge  as  to 
the  activity  of  the  constrictors  and  dilators  in  fever  is  in  my 
opinion  insufficient ;  all  the  less,  however,  shall  we  allow 
ourselves  to  be  troubled  by  the  fact  of  the  occprrence  of 
flnctuations  and  alternations  in  the  behaviour  of  the  cutaneous 
vessels  in  fever,  a  fact  which  affords  us  the  opportunity  of 
really  explaining  the  febrile  rise  of  temperature.  Consider 
in  what  the  actual  difficulty  consists.  Since  it  has  been 
determined  that  the  oxidative  processes  are  abnormally 
augmented  in  fever,  there  can  no  longer  be  any  doubt  as  to 
the  source  of  the  excess  of  heat.  Nevertheless,  we  asked, 
how  does  it  happen  that  fever  patients  do  not  get  rid  of  the 
overplus  oF  heat  with  the  same  ease  and  completeness  as  do 
healthy  persons  despite  a  much  more  vigorous  heat-produc- 
tion ?  and  this  question  becomes  all  the  more  pressing  since 
it  has  boon  proved  by  calorimetrio  means  that  iu  fover  the 
increase  of  production  is  in  fact  accompanied  pari  passu  by 
an  incroapo  of  loss.  We  now  know  why  the  heat  lost  by 
the  skin  does  not  suffice  to  remove  the  entire  excess  of  heat ; 
the  oauao  consists  in  this,  that  tha  conditions  which  favour 
the  abuntiant  loss  of  heat  are  not  continuonshj  present  so  hnrf 
as  the  ahnormalhj  nhundant  hf^at -prod tw turn  lasts.  Did  the 
cutaneous  vessels  continue  dilated  and  supplied  by  a  copious 
and  rapid  blood-stream,  it  is  at  least  highly  probable  that 
the  bodily  temperature  would  not  rise  at  all  despite  the  in- 
creased production  of  heat.  It  is  not  so,  however,  in  reality. 
For  probably  at  no  time  during  fever  are  all  the  arteries  of 
the  surface  congested ;  rather  the  vessels  over  more  or  less 
largo  areas  are  always  in  a  state  of  marked  contraction : 
those  febrile  diseases  which,  owing  to  the  short  pyrogeuetic 
stage,  begin  with  a  rigor,  are  initiated  by  a  wide-spread 
tetanic  contraction  of  the  cutaneous  vessels ;  during  the 
faetigiom,  the  intensity,  duration,  and  extent  of  this  contrac- 
tion are  usually  less,  yet,  as  stated,  it  is  never  absent ;  only 
in  the  stage  of  defervescence,  especially  when  running  its 
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course  rapidly,  it  may  fail  to  be  observed.     Narrowing  of 
tlie  arteries,  however,  involves  a  diminution  of  Iieat-hsa,  which 
18  due  to  reduction  of  the  perspiration  as  well  as  to  limita- 
tion of  the  yield  by  conduction  and  radiation.     At  the  same 
time  it  is  not  necessary  that  the  amount  of  heat-loss  should 
fall  below  the  normal  standard — which,  in  fact,  it  rarely  does 
in  fever :  a  relative  reduction — relative  as  compared  with  the 
increase  of  production — suffices  to  explain  the  increase  of 
bodily  temperature.     In  the  physiological  organism  also,  a 
certain  amount  of  heat  is  at  all  times  produced  by  the  oxi- 
dative processes  taking  place  within  it ;  while,  on  the  other 
hand,  the  arteries  of  the  skin,  like  those  of  all  other  organs^ 
undergo    constant   variations  of  calibre,  by  whose  prompt 
working,  the  one  into  the  other,  provision  is  made  that  the 
loss  of  heat  shall  always  conform  to  the  production,  and  in 
this  way  the  temperature  is  maintained  approximately  con- 
stant.    If,  on  the  other  hand,  an  exciter  of  fever  has  acted 
upon  an  individual,  there  takes  place  a  growth  of  the  activity 
and  amount  of  the  oxidative  processes  and  consequently  of 
heat-production,  while  the  variations  in  the  calibre  of  the 
cutaneous    arteries  are    considerably  augmented,  with  the 
general  efEect,  it  is  true^  of  causing  an  abnormally  great  loss 
of  heat,  yet — in  consequence,  it  would  appear,  of  the  more 
marked  increase  of  the  periods  of  constriction — not  in  a 
measure  corresponding  with  the  growth  of  heat-production  :  the 
secessary  result  is  an  elevation  of  the  bodily  temperature. 
Before  concluding  this  part  of  the  subject,  I  may  say  a  few 
words  as  to  the  historical  development  of  our  present  doctrine 
of  fever.     In  the  progress  of  science,  the  fundamental  pro- 
position of  Traube's  theory — ^that  heat-production  continues 
normal,  while  the  loss  of  heat  is  reduced  by  persistent  tetanic 
contraction  of  the  cutaneous  arteries — ^has  been  absolutely 
overthrown.     Nevertheless,  after  having  followed  my  expo- 
sition so  far,  you  will  certainly  admit  that  I  was  perfectly 
justified  in  calling  the  publication  of  Traube's  theory  an 
event  of  the  greatest  importance,  and  fraught  with  weighty 
results  as  regards  the  entire  doctrine  of  fever ;  for  it  not 
only  provoked  a  number  of  valuable  and  fruitful  researches, 
by  which    our  knowledge  of  the  fever   process   has   been 
greatly  furthered,  bat  it  had  above  all  the  merit  of  having 
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first  given  prominence  to  the  point  which  alono  allows  of 
au  understanding  of  fever,  namely  the  abnormal  behaviour  of 
the  heat'loiti*. 


From  the  standpoint  now  arrived  at,  it  will  be  advisable 
to  examine  fever  in  all  the  details  of  its  manifestation.  Bj 
adopting  this  course  we  shall  moat  fully  test  the  correctness 
of  our  statements  ;  for  not  only  is  it  necessary  that  we  should 
succeed  inexplaiuing  all  phases  of  the  ft-'brilo  alterationof  tem- 
perature, but  if  it  be  true  that  the  increase  of  bodily  boat  is  the 
essential  fundamental  phenomenon  of  fever,  it  must  be  possible 
to  deduce  all  the  manifold  fi}'mptom8,  presented  by  the  dif- 
ferent systems  of  the  body,  from  the  dietarbancea  which  wo 
found  to  take  place  in  connection  with  the  factors  regulating 
the  temperature  of  the  organism.  Perhaps  it  may  also  be  pos- 
sible in  this  way  to  get  a  more  accurate  acquaintance  with  the 
morbid  metabolic  processes,  whose  result  we  recognised  in 
the  increase  of  heat-production.  For  although  it  is  generally 
speaking  more  than  probable  that  the  nervous  system  controls 
and  regulates  the  factors  of  heat-production  no  less  than  of 
heat-loss,  it  is  indispensable  to  a  positive  insight  into  the 
conditions  of  fever  that  we  should  know  the  organs  and 
tissues  in  which  the  increase  of  the  oxidative  processes,  pro- 
bably set  up  by  the  agency  of  the  nervous  system,  take  place. 

The  rise  of  temperature  in  the  initial  stage  of  fever  may 
bo  explained  without  difficulty.  For  it  has  here  been  demon- 
strated almost  more  strikingly  than  in  any  of  the  later  stages 
that,  on  the  one  hand,  the  production  of  heat  is  increased, 
and  that,  on  the  other  hand,  owing  to  the  great  irritability 
of  the  vaso-oonatrictors  of  tho  skin,  the  loss  of  heat  is  at 
most  scarcely  greater,  and  is  not  uncommonly  less  than 
normal.  Tho  importance  possessed  by  the  state  of  tbe  cuta- 
neous arteries  as  regards  tlie  febrile  increase  of  bodily  heat 
nowhere  appears  so  glaringly  as  in  the  fevers  which  have  a 
short  pyrogenic  stage,  where,  as  more  than  once  emphasised, 
tho  occurrence  of  a  tetanic  contraction  of  the  arteries  over 
extensive  cutaneous  areas  is  absolutel}'  characteristic.  But 
not  only  is  the  rapid  rise  of  bodily  temperature  rendered 
intelligible  by  the  considerable  limitation  of  heat-loss  so 
brought  about ;  the  subjective  sensation  of  cold  is  also  ex- 
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plained  by  it.  It  is  iindeuiably  somewhat  extraordinary  in 
itself  that  a  person  should  havo  a  marked  sensation  of  cold, 
and  go  through  involuntary  muscular  movements  at  a  timo 
when  his  bodily  boat  is  increasing  by  several  degrees.  Yet 
the  riddle  is  solved  very  simply,  I  thiukj  on  considering  the 
conditions  on  which  our  seuBations  of  temperature  depend.* 
For  the  apparatus  supplying  us  with  such  sensations,  t.  is. 
the  tennmatious  of  particular  nerves  in  the  skin,  aro  not 
so  contrived  that  we  can  recognise  a  detiuite  external  tem- 
perature as  sach ;  the  determining  element  in  our  ««ii«a- 
tion8  of  teuiptrnture  in  the  teinpcratuTe  of  flu:  thervuil  iippa- 
■ratwf  itself.  So  long  as  its  temperature  remains  constant  we 
have  no  sensations  either  of  heat  or  cold,  while  we  becoino 
sensible  of  each  increase  of  its  temperature  as  heat  and  of 
each  decrease  as  cold.  Which  of  the  two  occurs,  depends 
self-evidently  on  the  relation  of  heat-supply  to  heat-losti  ; 
the  equilibrium  between  these  involves  constancy,  and  * '  " 
distufbitnce  of  equilibrium,  according  to  its  nature,  an  inc: 
or  decrease  of  the  temperature  of  the  apparatus.  But  while 
the  sensation  of  cold  in  consequence  of  an  increased  loss  <if 
heat  is  a  daily  and  therefore  familiar  experience,  diminutiuu 
of  heat-supply  to  the  thermal  apparatus  is  a  less  ordinary, 
but  none  the  loss  effective,  means  of  reducing  the  tempera- 
ture of  the  latter,  and  of  thus  giving  rise  to  the  sensation  of 
cold.  This,  however,  is  effected  to  a  marked  extent  by  the 
contraction  of  the  small  cutaneous  arteries;  for  th-  '  'o 
loss  of  heat  is  thereby  reduced, it  is  not,  forobviou- 
diminished  so  greatly  and  above  all  so  rapidly  as  is  the  beat, 
supply,  which  depends  in  by  far  the  greater  part  on  the  blixidi 
stream.  The  more  energetic,  rapid,  and  extensive  the  arl 
rial  contraction,  the  more  is  the  eqailibrium  between  supply 
and  loss  of  heat  disturbed  to  the  disadvantage  of  the  former^ 
and  the  more  pronounced  and  severe  does  the  sensation 
cold,  the  chill,  become.  Tho  fever-chill  you  see  is  simply  a 
result  of  tho  acute  tetanic  contraction  of  the  cutaneous  arte* 
ries,  and  you  will  therefore  not  be  surprised  to  hear  that  nil 
the  symptoms  of  this  chill  may  sometimes  occur  indepeud' 
of  fever  and  in  the  absence  of  tlic  conaidenible  :  '  '     .  i^ 

heat.      Many   persons,  the  vaso-inotors  of  wt-  .  :uo 

•  Of.  Hcring,  *  Wioo.  akud.  Sitxungsbor./  AbUu  3,  ixxt,  f,  lot,  tffJT- 
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beyond  doabt  easily  excited^  get  a  regular  rigor  as  the  result 
of  ordinary  intoRlinal  colic  or  oven  tho  pnssngu  of  a  catheter, 
and  tliis  is  only  and  solely  tlio  effect  of  a  wide-gpread  reflex 
tetanus  of  the  cutaneous  arteries,  and  has  nothing  to  do  with 
fever.      On  the  other  haud^  you  Trill  roadily  understand  why 
it  is  that  if  tho  initial  stage  bo  protmrted,  the  fever-chill  is 
slight  or  completely   absent.      In  such  fevers  there  is  no 
tetanic  contraction  uf  the  arteries  extending  in   tho  shortest 
time  over  large  portions  of  the  skin  ;   the  narrowing  of  the 
cutaneous  vessels  develops  slowly  and  is  liable  to  continual 
fluctuiitionsy  and  never  becomes  8o  prononnced  as  in  fevers 
with  a  short  pyrogenic  stage.     There  is  therefore  at  no  time 
a  rapid  disturbance  of  the  temperature  of  tho  thermal  appa- 
^tas,  nnd  nothing  to  originate  a  marked  sensation  of  cold. 
But  even  in  fevers  ushered  in  by  a  rigor,  the  tetanic  con- 
traction of  extensive  cutaneous  arterial  areas  does  not  last 
longer  than  the  initial  stage,  and  gradually  declines  as  the 
fastitjtum  is  approached.     The  means  of  access  to  the  appa- 
ratus which  receives  sensations  of  temperature  is  thus  again 
opentNl  np  to  the  blood,  and  to  blood,  moreover,  which  is 
heated  considerably  above  the  normal ;   tho  necessary  result 
is  that  tho  patient  now  experience*  a  marked  eentalioit  of  heat^ 
The  increane  of  heat-production  lasts  during  tho  entire  fasti- 
gium^  while  at  the  same   time  the  loss  of  heat  is  augmented 
as  compared  with  tho  normal,  though  not  in  proportion  to 
the  production.      Tliat  this  disproportion  depends  on  a  patho- 
logical  behaviour  of  the  cutaneous  circulation  is  establtshed 
by  most  adequate  proofs ;  yet  tLe  facts  hitherto  acquired  are 
insufHcient  to  enable  us  t^  certainly  decide  whether  delicieut 
irritability  of  the  vaso-dilators,  with  consequent  inadequate 
dilatation  of  the  cutaneous  arteries,  or  increased  irritability 
of  the  constrictors  plays  tho  grenti-r   piirt  in   it.     True,  we 
have  usually  to  deal  only  with  a  temporary  and  moderate  con- 
striction of  circumscribed  arterial  areas,  and  it  happens  only 
exceptionally  in  the  fastigium  that  the  arteries  of  extensive 
regions  of  the  skin  are  thrown  into  strong  tetauic  contraction. 
Such  tetanic  contraction  takes  place  when  a  fever  patient  is 
attacked  during  the  fastigium  by  a  muro  or  less  violent  rigor 
—an  event  which,  as  you   know,  occasionally  occurs  in  all 
yaricties  of   febrile   disease^  no  matter  what  their  course. 


1304  FEYKB. 

Moreover^  the  rigor  ic  this  instance  resembles  that  of  the 
initial  stage  in  that  a  rapid  and  not  inconsiderable  rise  of 
bodily  heat  takes  place  daring  it, — in  part  certainly  an  effect 
of  the  wide-spread  contraction  of  the  arteries,  although  it  is 
unquestionable  that  heat-production  simultaneously  receives 
a  fresh  impulse.  As  to  the  means  whereby  it  is  brought 
about  that  at  the  height  of  the  fever  the  secretion  of  sweat 
is  as  a  rule  suppressed,  though  blood  of  high  temperatnre 
bathes  the  centres  as  well  as  the  terminations  of  the  sweat- 
nerves  and  the  glands,  on  this  subject,  as  already  stated,  we 
possess  no  accurate  information. 

In  the  period  of  defervescence,  lastly,  the  normal  condition 
is  again  re-established.  Heat-production  is  reduced  to  its 
normal  standard,  and  the  conditions  of  heat-loss  again  con- 
form to  the  laws  prevailing  in  the  physiological  organism. 
This  latter  change  is  rendered  possible  by  an  alteration  of 
the  cutaneous  circulation  such  as  occurs  in  a  healthy  person 
who  from  any  cause  has  produced  an  excessive  quantity  of 
heat.  Henceforward  neither  general  nor  circumscribed  arte- 
rial contraction  is  present ;  the  arteries  become  wide  owing 
to  the  vigorous  action  of  the  dilators,  and  a  strong  and  ample 
blood-stream  flows  through  the  vessels  of  the  skin.  The 
result  as  regards  the  heat  of  the  body  will  naturally  be  strik- 
ing in  proportion  to  the  rapidity  with  which  these  changes 
set  in.  The  loss  of  heat  may  in  fact  under  these  circum- 
stances considerably  overbalance  heat-production,  so  that 
within  a  few  hours  the  temperature  falls  by  several  degrees. 
When  this  happens,  there  is  also  present  an  abundant,  often 
profuse,  secretion  of  sweat — evidence  that  the  factor  arresting 
this  secretion  has  disappeared,  the  sweat-glands  now  actively 
reacting  to  the  increased  heat-production  just  as  in  a  healthy 
person.  The  abundant  secretion  of  sweat  is  accordingly  a 
consequence  of  the  restoration  of  the  normal  relations,  though 
at  the  same  time  one  of  the  means  of  which  the  organism 
avails  itself  to  accelerate  the  cooling  of  the  body.  For  while 
we  were  formerly  able  to  determine  that  even  a  very  profuse 
secretion  of  sweat  exerts  no  influence  on  the  bodily  heat  so 
long  as  the  conditions  persist  on  which  the  faulty  production 
and  loss  of  heat  depend,  it  cannot  be  doubted  that,  when  these 
-conditions  are  removed^  sweating  is  calculated,  just  as  in 
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bealtLj  to  lower  the  temperature  of  the  body.  True,  it  is 
only  iu  a  limited  number  of  diseases  that  the  decline  of  tempe- 
i*ature  follows  so  suddenly  or  critically  ;  yet  it  is  unneceasary 
to  explnin  more  minul'ely  that  the  slow  decline  by  lynis  de- 
pends on  a  nlov)  and  far  from  continuous  restoratiou  of  the 
normal  conditions  of  heat-production  and  of  the  normal  rela- 
tions uf  the  cutaneous  vessels. 

While,  accordingly,  our  interpretation  of  the  process  of 
fever  allows  of  an  unforced  explanation  of  the  three  chief 
periods  of  every  febrile  disease,  it  no  less  admits  of  our  esti- 
mating certain  peculiarities  of  the  febrile  temperature  to 
which  I  have  already  repeatedly  I'eferred,  namely  its  many 
jluctuations  during"  the  course  of  the  fever,  the  ■\vant  of  uni- 
formity and  the  great  instability  of  the  bodily  heat.  The 
variations  of  temperature  occurring  during  a  single  day  are 
not,  as  you  know,  peculiar  to  fever  ;  such  variations  are  also 
present  in  health,  so  that  it  would  be  surprising  were  they 
completely  absent  during  the  fastigium.  The  peculiarity  in 
fever  is  simply  that  the  fluctuations  in  (]ue&tion  are  usually 
decidedly  greater  than  in  a  physiological  condition  j  it  is 
nothing  uncommon  for  the  morning  and  evening  temperatures 
to  differ  by  more  than  i  or  even  i'5°.  Our  interpretation, 
however,  offers,  as  I  think,  a  suflicieut  clue  to  the  explana- 
tion of  this  circumstance.  We  shall  hardly  meet  with  oppo- 
sition, if  we  seek  the  cause  of  the  normal  diurnal  fluctnationa 
iu  the  unequal  intensity  of  the  heat-producing  processes, 
which  would  probably  influence  the  bodily  heat  to  a  still 
greater  extent,  did  not  the  heat-loss  vary  in  a  corresponding" 
direction.  But  because  this  moans  of  compensation  does  not 
act  with  the  same  certainty  and  promptitude  in  fever  as  in 
liealth,  any  variations  of  heat-production  tell  more  conspicu- 
ously on  the  temperature  of  the  body,  i.  e.  the  Jfuctuations 
become  more  conmderahle.  I  have  also  repeatedly  pointed 
out  in  bow  great  a  degree  the  irregular  behaviour  of  the 
cutaneous  circulation  must  favour  the  tendency  to  change  and 
the  marked  instability  of  the  bodily  heat.  We  do  not  meet 
with  any  real  difficulty  till  wo  attempt  to  explain  the  occnr- 
rencOj  not  simply  of  fluctuations  of  the  fever-temperature^  but 
of  alternations  of  periods  of  increased  bodily  heat  with  others 
during  which  tbe  temperature  is  normal, — to  explaiuj  that  is. 
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fever  of  the  intermittent  type.     A  patient  suffering  from 
intermittent  fever  passes  in  each  paroxysm  through  all  three 
febrile  stages^  and  in  a  day  or  two^  according  to  the  fever- 
type,  finds  himself  perfectly  well,  with  a  temperature  which, 
when  the  sweating  is  over,  is  not  rarely  subnormal,  owing 
to  the  extreme  loss  of  heat ;  in  other  respects  too  it  exactly 
resembles  that  of  a  healthy  person,  till  a  fresh  rigor  intro- 
duces the  next  paroxysm.     The  condition  of  a  patient  in 
relapsing  fever  is  essentially  the  same ;  for  the  principle  is 
not  affected  by  the  facts  that  the  fastigium  of  the  single 
paroxysm  and  the  apyrexial  interval  last  much  longer  than 
in   intermittent  fever,   and  that  the  nnmber  of  attacks  is 
always  limited,  in  most  cases  amounting  to  not  more  than 
two  or  three.     To  render  this  course  intelligible,  it  is  not 
sufficient  to  point  to  the  dinmal  variations  in  heat-production 
and  the  irregularities  of  the  cutaneous  circulation.     Tet  to 
our  knowledge  of  relapsing  fever  it  is  due  that  we  are  no 
longer  obliged  to  regard  the  intermittent  type  as  a  remark- 
able and  incomprehensible  fact.     We  have  become  acquainted 
with  the  actual  cause  of  relapsing  fever  in  those  organisms 
which  are  called  after  their  discoverer  spirillum  or  spirochaste 
Obermeieri.     These  spirilla  are  not  only  the  cause  of  the  dis- 
ease but  of  the  fever,  as  is  most  evidently  proved  by  their 
presence  in  the  blood  during  the  paroxysm,  their  disappear- 
ance from  it  shortly  before  the  fall  of  temperature,  their 
complete  absence  during  the  period  of  apyrexia,  and  their 
reappearance  a  few  hours  before  the  next  attack.     The  in- 
termittency  is  here  obviously  most  closely  connected  with 
the  life  history  of  the  spirillum,  and  it  is  certainly  not  too 
venturesome,  having  regard  to  the  equal  duration  of  the 
apyrexia  in  all  cases,  to  pronounce  the  spirilla  of  the  sabse- 
qnent  paroxysm  to  be  the  second  generation  or  descendants 
of  those  present  in  the  preceding  one  :  when  the  spirilla 
lose  their  capacity  for  propagation  or  development  in  the 
body  of  the  patient,  the  disease  is  at  an  end.     In  intermit- 
tent fever  very  similar  conditions  prevail,  although  we  have 
not  yet   succeeded   in   discovering  well-marked  organisms 
which  during  the  paroxysm  circulate  in  the  blood  or  tissue- 
juices  of  the  body,  and  disappear  in  the  stage  of  apyrexia. 
Bat  if  we  are  correct,  the  disease  is  due  to  the  invasion^  as 
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a  nile  a  eingle  one>  bj  certain  parasitic  organisms ;  and  the 
fever  is  not  continued  simply  because  the  scliizomycetea  ex- 
cititig-  it  are  not  continuously  present  in  the  blood  and  juicea 
of  the  body.  Rather,  after  they  have  for  a  longer  or  shorter 
time — during  the  paroxysm — circulated  therein,  they  either 
perish  or  retire  to  a  locality  in  which  theyare  innocuous,  where- 
upon the  fever  terminates  ;  a  fresh  riae  of  temperature  not 
taking  place  till  the  schizomycetes  themselves  or  more  pro- 
bably their  dodccndauts  penetrate  anew  into  the  juice-stream 
of  the  body.  The  iniermitteni  character,  you  perceive,  is  a 
peculiarity  of  the  difieaite,  but  lutt  of  the  fever  as  such  ;  on  tho 
contrary,  each  paroxysm  constitutes  a  complete  fovcr  with 
its  initial  period,  fastigiam^  sind  stage  of  defervescence. 
Should  you,  however,  as  against  this  explanation  recall 
the  febrile  diseases  marked  by  the  occurrence  t»f  irregular 
rigors,  in  particular  the  py iv mi c  and  ncptiCf  in  which  also  inter- 
vals of  complete  apyre.xia  occur  between  the  periods  of  fever, 
it  must  be  confessed  that  the  intcnnitteucy  cannot  here  de- 
pend on  a  regular  succession  of  generations  of  parasites ; 
nevertheless,  I  think  tho  determining  element  in  this  case 
also  is  tho  irrctjnlar  presence  of  the  cause  e-iciting  the  fever. 
*Vhii  organism  always  reacts  with  a  rigor  and  febrile  rise  of 
temperature,  when  infective  masses  reach  the  circulation  from 
the  focus  of  disease,  and  the  fever  lasts  till  tho  body  gains 
the  upper  hand,  when  the  infective  material  is  excreted  or 
destroyed  ;  there  is  then  a  cessation  of  the  fever,  which  lights 
up  afresh  on  a  renewed  invasion  by  infective  materials.  The 
continuous  feature  is  the  presence  of  a  pysemic  or  septic 
infected  wound,  of  an  abscess  or  other  focus  of  disease  ;  tho 
fever  itself  is  not  continuous  because  the  presence  of  the 
foci  does  not  alone  suffice  to  oxcito  fever ;  tho  constituents 
of  tho  foci  mast  first  enter  tho  juices  of  the  body.  It  is  far 
from  necessary  that  this  should  occur  continuously;  whether 
and  when  it  takes  place  will  depend  on  a  great  variety  of 
conditions. 


If,  leaving  the  disturbancea  of  bodily  heat  and  of  the  sen- 
sations of  temperature,  we  now  turn  to  the  other  phenomena 
observed  in  fever,  we  find  that  the  symptoms  connected  with 
the  circulatory  apparatus  occupy  the  chief  place  in  poiut  of 
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constancy  and  importance.  With,  these  symptoms  yon  are 
already  essentially  acquainted.  For  I  have  repeatedly  pointed 
out  in  the  first  section  of  these  lectures  that  in  fever  the 
frequency  of  the  pulse  is  regularly,  and  sometimes  very  consider" 
ably,  increased.  It  was  first  shown  hy  physiologists  that  the 
frog's  heart  contracts  more  frequently  in  proportion  as  the 
temperature  is  raised,  and  from  this  it  was  a  simple  inference 
that  the  febrile  rise  of  temperature  also  accelerates  the  pulse- 
rate.  Liebermeister,*  by  simultaneously  recording  the  tem- 
perature and  the  pulse  in  a  great  number  of  adult  fever 
patients^  has  succeeded  in  deducing  the  law  that,  despite  all 
variations  in  individual  cases,  the  arithmetic  mean  for  the 
pulse-frequency  increases  in  exact  conformity  to  the  bodily 
heat,  so  that  a  rise  of  temperature  of  i°  corresponds  on  the 
average  to  an  acceleration  of  the  pulse  by  eight  beats  in  the 
minute.  While,  then,  the  pulse-rate  may  in  some  degree 
serve  as  a  measure  o£  the  height  of  the  fever,  we  have  yet 
good  grounds  for  not  now  attaching  such  importance  to  this 
factor  as  the  older  physicians  of  necessity  did  before  the  in- 
troduction of  the  thermometer.  For  we  know  that  the  con- 
tractions of  the  heart  depend  on  a  number  of  other  factors 
besides  the  heat  of  the  blood,  and  that  the  effect  of  the 
latter  may  in  certain  circumstances  be  considerably  modified 
or  even  concealed.  Of  these  other  factors,  the  most  import- 
ant is  the  state  of  excitation  of  the  vagus,  and  you  will 
therefore  not  be  surprised  to  hear  that  in  basilar  meningitis 
the  frequency  of  the  pulse  is  even  less  than  normal,  despite 
the  high  fever.  Yet  even  in  the  absence  of  an  exudation 
in  immediate  contact  with  the  vagus,  its  centre  may  be  very 
variously  excited  during  the  course  of  a  fever,  and  that  by 
the  arterial  pressure,  the  height  of  which  exerts  a  determining 
influence  on  the  tone  of  the  centre  for  the  vagus. 

The  state  of  the  blood-pressure  in  fever  cannot  be  inferred 
from  the  relations  already  discussed.  It  would  more  parti- 
cularly be  erroneous  to  conclude  from  the  contraction  of  the 
cutaneous  arteries,  which  may  in  some  periods  of  the  fever 
be  so  marked  and  wide-spread,  that  the  arterial  pressure  must 
be  considerably  raised.  For  if,  as  there  is  much  reason  for 
believing,  a  dilatation  of  some  of  the  arteries  of  the  internal 
*  LiebermeiBter, '  Handb./  p.  464,  et  $eq. 
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organs  coincides  with  the  contraction  of  those  of  the  skin, 
the  blood-pressnre  need  not  undergo  any  alteration  ;  indeed, 
it  may  suffer  a  fall,  despite  the  increased  resistance  in 
the  cutaneous  arteries.  There  is  still  a  want  of  adequate 
measurements  of  the  blood-pressure  in  fever.  As  regards 
the  only  form  which  we  can  voluntarily  produce  in  animals, 
the  septic  as  the  result  of  injecting  pus,  I  formerly  told  you 
(voL  i,  p.  91)  that  the  mean  arterial  pressure  is,  as  a  rule, 
iciff,  Tet  there  are  exceptions  even  to  this,  and  certainly 
we  have  no  right  to  refer  this  lowness  to  the  rise  of  tempe- 
rature, sincej  as  you  will  remember,  artificial  warmiug  of  a 
dog  usually  causes  the  pressure  to  increase,  provided  the 
temperature  does  not  reach  enormous  valoes.  In  man  also, 
in  so  far  as  may  be  inferred  from  the  character  of  the  pulso 
and  other  general  indications,  the  condition  of  the  blootU 
pressure  in  fever  is  very  far  from  being  always  the  same. 
If  a  previously  healthy  and  robust  individual  ia  attacked  by 
an  acute  febrile  disease,  c.  g.  pleuro-pneumonia  or  erysipelas, 
the  pulse  is  usually  large,  full,  and  of  considerable  tension ; 
and  it  usually  presents  the  same  characters  during  the  first 
few  days  of  a  more  prolonged  fever,  e.  {j,  enteric.  In  some 
other  febrile  diseases,  in  particular  the  septic  and  pyasmio^ 
the  patieut,  ou  the  contrary,  has  from  the  outset  a  soft, 
yielding  and  compressible  pulse,  and  this  is  also  the  rule  in 
the  later  stages  of  every  protracted  fever.  A  full  and  tense 
pulse  is  in  general  characteristic  of  those  fevers  which  wore 
termed  by  older  writers  stheniCf  while  the  soft  and  empty 
artery  is  a  peculiarity  of  so-called  aMhenic  or  adynavitc  fever. 
At  any  rato  this  uomeuclature,  at  present  almost  fallen  oat 
of  use,  is  less  important  than  is  a  knowledge  of  the  causes 
giving  rise  to  these  conspicuous  diSereucos.  One  fact 
appears  to  me  to  be  peculiarly  significant, — that  the  same 
febrile  diseaso  which  at  the  outset  presented  a  distinctly 
sthenic  character,  shows  after  a  time  a  no  less  markedly 
asthenic  type  ;  for  from  this  it  conclusively  follows,  I  think, 
that  the  alteration  is  due,  not  to  the  particular  disease  or  its 
cause,  but  solely  to  the  hmg  duration  of  the  fettriU  rise  of 
temperature.  ^Vhy  it  is,  however,  that  persistent  rise  of 
temperature  lowers  the  arterial  tension,  or,  iu  other  words, 
causes  a /cWZ  of  ike  arterial  hlood'pressure,  will  at  once  bo 
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clear  to  you  on  calling  to  mind  tlie  pemicions  effect  exerted 
on  the  heart  by  excessive  increase  of  the  bodily  heat.  The 
effect  which  is  rapidly  produced  by  too  strongly  overheating 
the  blood  is  called  forth  by  a  less  extreme  degree  of  heat 
when  prolonged  ;  the  contractile  energy  and  f  onctional  power 
of  the  heart  decline.  Even  when  from  the  onset  of  the 
fever  the  arterial  pressure  has  been  low,  this  is  due  simply 
to  a  diminution  of  the  motive  force  of  the  heart :  a  diminution, 
it  is  true,  which  in  this  case  depends,  not  on  the  increase  of 
temperature,  but  on  the  nature  of  the  particular  disease,  or 
rather  its  cause.  It  is  certain,  moreover,  that  individual 
peculiarities  here  participate  to  some  extent,  so  that,  for 
example,  the  energy  of  the  heart  is  much  earlier  impaired  by 
the  high  temperature  in  feeble  or  ansemic  persons  than  in 
the  robust  and  previously  healthy.  But  whatever  the  factor 
influencing  the  arterial  pressure  in  fever,  its  sole  importance, 
as  regards  the  cardiac  contractions,  is  the  kind  of  influence 
exerted  by  it.  When  the  arterial  pressure  is  high,  the  active 
and  persistent  stimulation  of  the  vagus-centre  guards  against 
an  excessive  increase  of  pulse-frequency;  while  a  low  pressure, 
even  in  the  absence  of  fever,  is  usually  accompanied  by  an 
acceleration  of  the  heart-beats,  and  gives  rise  to  a  further 
increase  of  the  pulse-rate  when  this  is  already  augmented  by 
a  fever.  With  this  conclusion,  drawn  from  physiological 
premisses,  experience  at  the  sick  bed  fully  accords.  One  of 
the  distinctive  signs  of  asthenic  fever  is  the  considerable 
frequency  of  the  pulse,  which  very  often  has  lost  its  relation 
to  the  elevation  of  temperature ;  and  the  attention  of  clini- 
cians was  early  attracted  by  the  fact  that,  at  tbe  same  degree 
of  bodily  heat,  the  pulse  is  much  less  frequent  in  robust  in- 
dividuals than  in  feeble  persons  and  patients  exhausted  by 
antecedent  disease.  Nor  is  it  without  just  cause  that  good 
observers  have  always  regarded  it  as  a  bad  sign  when  a 
moderate  rise  of  temperature  coincides  with  great  frequency 
of  the  pulse.  For  from  this  combination  we  may  infer  with 
a  high  degree  of  probability  that  the  blood -pressure  is  low ; 
low  blood-pressure,  however,  involves,  as  you  know,  more  or 
less  profound  functional  disturbance  of  some  or  all  the  organs, 
while,  as  regards  the  circulation  itself,  it  implies  a  retarda- 
tion of  the  flow,  a  tendency  to  hypostatic  congestion,  and  an 
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undesirable  overfilling  of  tbe  venoas  system.  Sach  circala- 
tory  disturbances  are^  in  fact^  rarely  missed  in  tbe  more 
severe  and  somewhat  protracted  fevers,  and  may,  under 
certain  circumstances,  attain  such  severity  as  to  endanger 
life. 

Among  the  most  common  symptoms  of  fever  are,  further, 
all  kinds  of  nervous  disturbances,  whence  it  is  apparent  that 
the  nerve-centres  do  not  perform  their  functions  normally 
in  fever.  It  is  chiefly  through  these  disturbances — disregard- 
ing possible  local  affections — that  the  feeling  of  illness  is  first 
aroused  in  the  patient,  and  the  attention  of  his  friends  is 
drawn  to  the  fact.  The  intensity  of  the  symptoms  yaries 
extremely.  In  the  milder  cases,  the  sensorium  is,  it  is  true, 
unclouded,  yet  the  patient  has  an  undefined  general  malaise  ; 
he  feels  languid  and  depressed,  his  head  is  heavy  and  con- 
fused, he  is  at  the  same  time  irritable  and  restless,  and  his 
sleep  is  disturbed.  All  these  phenomena  are  more  pronounced 
in  severer  cases  :  the  mental  confusion  is  still  greater,  and 
the  patient  is  indisposed  for,  and  incapable  of,  intellec- 
tual exertion  ;  consciousness  begins  to  be  obscured  for  a 
time,  the  patient  grows  more  apathetic,  his  replies  are  hesi- 
tating ;  regular,  refreshing  sleep  is  mostly  completely  absent, 
but  there  is  a  tendency  to  doze,  and  slight  delirium  some- 
times occurs  in  the  half-sleeping  state.  In  extreme  cases 
this  condition  is  still  more  aggravated  ;  there  is  marked  and 
lasting  clouding  of  consciousness,  while  various  evidences  of 
irritation  or  depression  testify  to  the  abnormal  state  of  the 
central  nervous  system.  Many  patients  are  excited  and 
appear  as  if  actually  intoxicated,  they  give  expression  to  their 
hallucinations  in  boisterous  delirium,  while  at  the  same  time 
they  are  extremely  restless  and  attempt  to  spring  out  of  bed 
or  even  out  of  the  window ;  in  children  general  convulsions 
will  then  probably  set  in.  Others,  on  the  contrary,  lie  in  a 
state  of  profound  apathy,  out  of  which  they  can  hardly  be 
roused  by  the  loudest  call,  and  scarcely  react  to  any  sense- 
impression  ;  at  the  same  time  there  is  quiet  muttering  deli- 
rium, the  excrements  are  involuntarily  evacuated,  the  hands 
move  tremulously  as  the  patient  picks  at  the  bedclothes,  and 
the  posture  of  the  completely  prostrated,  unconscious  indi- 
yidnal  is  altogether  passive  and  relaxed. 
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All  these  disturbances  have  usually  been  diirectly  referred, 
more  especially  during  the  last  two  decades,  to  the  febrile 
rise  of  temperature  as  their  cause:  the  central  nervous  system, 
being  supplied  with  blood  of  abnormally  high  temperature, 
is  supposed  as  the  result  to  perform  its  functions  irregularly 
and  to  react  to  the  impressions  reaching  it  with  all  sorts  of 
morbid  sensations,  &c.     Yet  it  cannot,  in  my  opinion,  be 
asserted  that  this  view  has  been  proved  with  scientific  pre- 
cision and  may  therefore  lay  claim  to  unreserved  applicability. 
The  fact,  moreover,  that  all  these  nervous  disturbances  are 
wont  to  be  more  considerable  the  higher  the  temperature, 
that  these  symptoms  generally  run  parallel  to  the  severity  of 
the  fever,  is  not  sufficient  of  itself  to  secure  the  view  against 
every  objection,  since  a  high  fever  is  at  the  same  time  a  sign 
of  severe  disease.     Now,  you  will  remember  that  the  very 
great  majority  of  all  febrile  diseases  are  called  into  existence 
by  a  noxa  which  has  entered  the  body,  and  the  effect  of 
which  is  not  simply  the  febrile  rise  of  temperature,  but  a 
number  of  other  functional  disturbances  and  changes  con- 
stituting in  their  totality  the  particular  disease ;  and  in  this 
precisely  lies  the  difficulty  of  distinguishing  between  the  sym- 
ptoms which  are  due  to  the  fever  as  such  and  those  which  are 
the  direct  effects  of  the  noxa.     The  nervous  symptoms  above 
described  have  no  such  specinc  characters,  however,  as  to 
render  it  inconceivable  that  they  might  be  the  result  of  differ- 
ent kinds  of  noxas.     On  the  other  hand,  the  strict  adherents 
to  the  view  of  the  purely  febrile  nature  of  the  nervous  sym- 
ptoms also  admit  that  many  variations  in  kind  and  especially 
in  degree  are  met  with  in  fevers  of  the  same  intensity,  and 
these  they  seek  to  explain  by  a  reference  to  individual  pecu- 
liarities in  the  patients.     But  while  I  am  quite  willing  to 
admit  the  importance  of  idiosyncrasy,  it  is  impossible  not  to 
see  that  the  nature  of  the  disease  exerts  an  essential  influence 
on  the  character  of  the  nervous  symptoms.     Despite  the  fre- 
quently extreme  elevation  of  temperature  during  the  paroxysm 
of  relapsing  fever,  we  hardly  ever  meet  with  those  evidences 
of  profound  depression  which  are  rarely  absent  in  enteric  and 
septic  fevers,  even  when  the  bodily  heat  is   much  slighter, 
and  which  may  in  many  patients  be  very  pronounced  although 
their  temperature  may  never  considerably  exceed  the  nor- 
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mnl.*    To  this  must  be  added  the  interesting  fact  eatablishei 
by  Genzmcr  and  Volkmannt  that  in  wounds  treated  bj  Lister* 
method  and  in  ordinary  simple  fractures,  though  there  may  b 
a  very  qonsiderable  rise  of  temperature  (of.  vol.  iii,  p.  1365), 
nervous  symptoms  may  he  completely  absent.      Such  patients 
go  abont  cheerfully  with  temperatures  of  39°  and  40°,  amuse 
themselves,   are   chatty  and  bright,  exactly  like  perfectly 
healthy  persons.      Whether  you  will,  with  Volkmann,  tern 
such  fever  aseptic,  in  direct  contrast  to  ordinary  wound-fever, 
I  shaU   leave   to  yonr  own  judgments  ;   its  occurrence  at 
any  rate  proves  that  there  is  no  such  close  causal  connec- 
tion between  rise  of  temperature  and  nervous  symptoms  as 
Liebermeisterl  and  others  have  declared  to  exist. 

Nevertheless,  I  should  be  sorry  to  mislead  you  into  depre- 
ciating the  importance  of  the  rise  of  temperature  to  the  func- 
tions of  the  central  nervous  system.  For  though  a  consider- 
able number  of  the  nervous  symptoma  observed  in  febrile 
diseases  must  be  referred  to  the  cause  of  disease,  this  by  no 
means  implies  that  it  ia  a  matter  of  indifference  as  regards 
the  nervous  system  whether  the  blood  supplied  it  has  the 
normal  or  an  abnormally  high  temperature.  In  the  lirst 
place,  the  absolute  ehvalton  of  the  temperature  is  cer- 
tainly material.  The  bodily  heat  of  Volkmann's  patients 
mostly  varied  between  39**  and  40°,  the  latter  limit  being  only 
exceptionally  exceeded ;  hence  it  is  questionable  whether  the 
sensorium  would  have  remained  equally  unaffected  had  the 
aseptic  fever  attained  the  really  high  values  of  41°,  4i'5°  or 
more.  When  these  temperatures  are  reached  in  the  parox- 
ysm of  relapsing  fever,  the  patients  exhibit  at  any  rate  sleep- 
lessness, restlessness^  and  dulling  of  the  sensorium,  though 
when  the  fever  is  moderate  the  central  nervous  system  is 
only  very  slightly  affected ;  and  in  general  there  is  probably 
no  internal  febrile  disease,  where  the  periods  during  which 
those  highest  degrees  of  temperature  are  present  are  not 
marked  by  more  or  less  severe  nervous  symptoms.  In  the 
second  place,  much  certainly  depends  on  the  duration  of  the 

•  CL  Fracntiel,  *  Ztwhr.  f.  klin.  Med./  ii,  Hft  a. 
t  Genzmer  und  Volkmann, '  Volkmann's  Vortr./  No.  121,  1877. 
X  Liebcrnieistor,  *  Deutscb.  A.  f.  klin.  Med./  i,  p.  543,  tt  Bcq, ;  *  Haudb.* 
p.  481,  e<  9eq, 
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febrile  rise  of  temperatare.  The  paroxysm  of  relapsing  fever 
terminates  after  four  or  five  days,  and  the  aseptic  fever  also 
rarely  lasts  longer  than  a  week :  the  most  intense  nervoos 
symptoms^  however^  and  especially  the  evidences  of  depres- 
sion^ are  observed  precisely  in  patients  in  whom  the  fever 
has  continued  for  a  considerable  number  of  days.  True^  in 
these  cases  the  arterial  blood-pressure  is  invariably  low,  so 
that  the  functions  of  the  brain  must  also  necessarily  suffer 
in  consequence ;  and  if  the  sensorium  of  a  typhoid  patient 
becomes  clearer  after  a  cold  bath,  it  is  hard  to  say  how  much 
of  this  effect  should  be  attributed  to  the  cooling  and  how 
much  to  the  improvement  in  the  circulation  and  rise  of  blood- 
pressure,  brought  about  by  the  bath.  The  entire  question 
is  obviously  not  yet  ripe  for  decision,  and  is  certainly  more 
complicated  than  at  first  appears  ;  yet  it  is  in  any  case  es- 
tablished that  whatever  nervous  symptoms  may  set  in  daring 
a  fever,  they  are  certainly  secondary  in  their  nature. 

The  same  thing  applies  to  the  phenomena  observed  in  con- 
nection with  the  muscular  apparatus  of  fever  patients.  In 
almost  every  somewhat  severe  fever,  the  patients  complain  of 
weariness  and  want  of  energy  together  with  marked  muscular 
feebleness  ;  and  this  is  not  simply  a  subjective  sensation,  for 
the  functional  power  of  the  muscles  is  in  fact  so  reduced  that 
the  arm  of  a  patient,  who  wishes  to  convey  a  glass  to  bis 
mouth,  can  only  be  extended  with  difficulty  and  exhibits  marked 
tremors  on  movement ;  we  also  recently  mentioned  loss  of 
muscular  power  as  a  cause  of  the  passive  posture  of  fever 
patients.  It  is  something  very  common,  moreover,  in  all  pos- 
sible febrile  diseases,  even  when  per  se  they  have  no  connec- 
tion with  the  muscular  apparatus,  to  find  mu^cu/arjpain^,  which 
are  sometimes  very  wide-spread  and  may  be  so  severe  that 
the  patient  can  hardly  avoid  crying  out  at  every  touch.  To 
what  extent  these  symptoms  are  referable  to  an  abnormal 
condition  of  the  central  or  peripheral  innervation,  is  scarcely 
to  be  made  out ;  yet  one  is  tempted  in  the  case  of  the  mus- 
cles to  admit  the  idea  of  the  occurrence  of  certain  chemical 
changes  of  their  contractile  substance,  perhaps  a  commenc- 
ing coagulation  of  the  muscle-fibres.  I  have,  moreover,  made 
you  acquainted  on  a  former  occasion  (vol.  ii,  p.  684,  et  seq.) 
with  some  muscular  changes  which  are  calculated  to  favour 
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this  idea,  namely  parenchymatoua  and  wojry  degetierationti.  In 
troating  o£  the  former,  we  considered  tho  posBibility  of  tbo 
coagulation  of  a  fluid  normal  or  modified  albaminout*  body ; 
while,  as  regards  the  latter,  it  seemed  to  ds  most  probable  tkat 
it  is  the  expression  of  an  irregular  coagalatlon  of  the  muscle* 
fibres  which  for  some  cause  or  other  have  perished  intra  vitantm 
As  regards  the  actual  cause  of  these  alterations,  wo  are 
ttbliged  to  leave  it  doubtful  how  much  must  l)o  ascribed  to 
tho  rise  of  temperature  and  how  much  to  tho  agent  exciting 
tho  particular  disease. 

That  the  digcsitive  apparatujt  is  liable  to  various  disinrb- 
ancos  in  febrile  diseases,  you  already  know.  I  was  in  a  posi- 
tion to  tell  you  that,  under  the  influence  of  the  febrile  rise 
of  temperature,  all  tho  digestive  juices  arc  affected,  some  of 
them  being  produced  in  smaller  quantity,  while  tho  activity 
of  others  is  reduced.  This  being  so,  I  need  not  refer  to  the 
faulty  manner  in  which  the  peristaltic  movements  of  the  in- 
testines take  place  in  fever,  in  order  to  render  it  intelligible 
to  you  that  digestion  will  be  more  or  less  eerioasly  deranged. 
To  this  the  anorexia  of  fever  patients  ia  in  a  groat  moasuro 
attributable,  although  it  is  also  dne  in  part  to  tho  dryness  of 
the  tongue  and  buccal  mucous  mombrano,  to  which  reference 
was  also  made,  and  to  which  too  tho  unpleasant  taste  and 
clamminess  of  tbo  mouth  are  to  bo  referred.  The  dryness 
of  tho  tongue  is  at  any  rate  the  chief  cause  of  the  increased 
thirst  of  fovor  patients,  which  cannot  bo  attributed  to  a  sup- 
posed concentration  of  the  juices  and  tissues  of  tho  body. 
Where  tho  tongue  is  moist,  as  in  Volkmann's  patients  suffer- 
ing from  aseptic  fever,  the  thirst  is  only  very  slightly  in- 
creased. True,  these  individuals  also  exhibited  no  falling  off 
of  appetite — a  fact  which  again  suggests  the  doubt  whether 
it  ia  really  tho  rise  of  tomporature  alone  that  so  seriously  im- 
pairs the  functional  power  of  tho  digestive  apparatus. 

We  have  also  already  discmiHed  the  principal  symptoms  con* 
nected  with  tho  respiratory  apparatus  in  fever.  Chief  among 
them  is  the  increaniti  frftpienry  of  the  respirnttone^  Every 
patient,  of  whatever  age  and  sex,  breathes  mure  frequently 
in  fever  than  in  a  non-febrile  condition.  That  the  more  rapid 
breathing  is  a  direct  result  of  the  rise  of  temperature  of  the 
blood,  is  at  present  accurately  known  as  the  result  of  the 
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artificial  over-heating  of  animals,  and  more  especially  of  the 
experiments  of  Fick  and  Groldstein  (yol.  iii,  p.  1095).  Bat 
as  regards  fever  also,  no  unprejudiced  observer  can  have 
doubted  the  existence  of  the  connection.  In  equally  robust 
persons  of  the  same  age  the  respiratory  frequency  runs  in 
general  parallel  to  the  temperature  curve ;  and  in  different 
diseases,  and  different  periods  of  the  same  disease,  the  patients 
breathe  the  more  rapidly  the  greater  the  bodily  heat ;  indeed, 
the  number  of  respirations  increases  and  decreases  with  the 
diurnal  variations  of  temperature.  Moreover,  this  applies 
not  merely  to  those  febrile  diseases  which  have  nothing  to  do 
with  the  respiratory  apparatus,  but  also,  for  example,  to  pneu- 
monia^  the  rapid  breathing  terminates  with  the  crisis,  although 
the  extent  of  the  infiltration  is  as  yet  unreduced.  This  ob- 
viously does  not  tell  against  the  possibility  that  one  or  other 
of  the  many  factors  with  which  we  became  acquainted  when 
studying  the  pathology  of  respiration  may  in  fever  also  exert 
its  infiuence  on  the  number  and  mode  of  the  respirations. 
But  we  are  tore  interested  merely  in  the  effect  of  the  fever 
as  such,  and  this,  as  has  been  said,  is  invariably  to  increase 
the  number  of  respirations.  At  the  same  time  the  breathing 
usually  becomes  deeper,  at  any  rate  in  robust  individuals  and 
in  acute  diseases  of  short  duration  as  well  as  in  the  early 
period  of  more  protracted  fevers ;  so  much  is  this  the  case 
that  the  amount  of  air  respired  by  such  a  patient  is  not  in- 
considerably increased  as  compared  with  the  normal.  The 
utility  of  this  increase  will  at  once  be  apparent  on  remember- 
ing that  the  production  of  carbonic  acid  is  abnormally  large 
in  fever.  True,  when  the  pyrexia  has  lasted  long,  and  marked 
muscular  feebleness  has  occurred,  an  increase  of  the  depth  of 
the  respiratory  movements  ceases  to  be  possible ;  instead  of 
this,  we  have  an  abnormal  shallowness  of  the  breathing  which, 
as  you  know,  must  give  rise  to  a  further  increase  of  frequency, 
whereby  the  interchange  of  the  gases  of  the  blood  will  not, 
it  is  true,  be  so  greatly  facilitated  as  by  the  previous  less 
numerous  but  deeper  respirations  of  the  early  period  of  the 
fever. 

Lastly,  we  may,  after  our  former  discussions,  briefly  dismiss 
the  febrile  alterations  of  the  urinary  secretion.  The  amount 
of  nrine  passed  in  fever  is  reduced  throughout,  sometimes 
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even  to  lialf  the  normal.  That  this  diminatiou  is  dae  partly 
to  the  smaller  amount  of  nourishment  taken  and  partly  to  Xh& 
increased  loss  of  >yater  in  other  directions,  you  already  know. 
The  limitation  of  the  water-awpply  from  without  is  not  com- 
peusated  in  the  fever  patient  by  the  increased  feeling  of 
thirst ;  and  as  regards  the  loss  of  water  by  other  channels, 
its  increase  is  contributed  to  by  the  lungs,  owing  to  the  more 
frequent  respirations  and  greater  heat  of  the  expired  air, 
and  by  the  skin,  by  means  of  the  augmented  perspiration  : 
moreover,  during  the  periods  of  profuse  sweatings  the  reduc- 
tion of  the  urinary  secretion  is  still  more  striking.  In  pro- 
longed fever,  when  the  energy  of  the  heart  has  already 
suffered,  another  factor  also  contributes  to  diminish  the  secre* 
tion  of  urine,  namely,  the  fall  of  arterial  pres»^ir€f  which  for 
the  rest  may  set  in  very  early  in  some  febrile  diseases,  e.  g. 
the  septic  processes.  In  patients  suffering  from  yolkmann'8> 
aseptic  fever,  however,  there  is  no  noteworthy  diminution  of 
the  urine,  because,  far  from  labouring  under  anorexia,  they 
take  an  abundance  of  food,  while  their  arterial  pressure  is 
maintained  constant  at  the  normal  elevation.  It  is  not  so 
easy,  ou  the  Dther  hand,  to  explain  the  abseuce  of  all  dimi- 
nution of  the  excretion  in  short  febrile  paroxysms  or  in  simple 
continued  fevers,  which  are  sometimes  accompanied  by  a 
decided  increase  in  the  volume  of  the  urine  :  for  whether 
this  condition  actually  depends  on  an  augmentation  of  the 
blood-stream  through  the  kidneys  as  the  result  of  a  tetanic 
coutrnctiou  of  the  cutaneous  arteries,*  cannot  be  certainly 
determined  till  we  have  become  more  accurately  acquainted 
with  the  state  of  the  arteries  of  the  internal  organs  during 
the  different  phases  of  fever  than  has  heretofore  been  the 
case. 

As  regards  the  other  characters  of  the  urine  in  fever,  you 
will  remember  how  carefully  we  discussed  its  comparative 
richness  in  nitrogenous  matters,  especially  in  urea.  This  fact, 
together  with  the  scantiness  of  the  secretion,  is,  you  are 
aware,  the  cause  of  the  frequent  precipitation  on  cooling  of 
an  abundant  sediment  of  slightly  soluble  uralea  ;  lu  it  is  due- 
also  the  Ai^^  »i)ttcifc  gravity  of  the  febrile  urine.  The  urine 
is  concentrated  although  its  saline  contents  are  reduced 
•  Liebcrmoistcr,  *  Handli./  p.  494- 
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below  tho  uormnl,  tho  amoant  nf  chlorido  of  aodinm   present 
being  so  Bmall  that  we  failed  to  adequately  explain  tlio  do- 
orcase from  the  ordinary  factors  of  food-supply,  losa  of  salts 
in  other  ways,  &c,  (cf.  vol.  iii,  p.    1113),     The  potajrh  A-a/U 
alone  are  excreted  in  considerably  larger  qaantitioe   than  in 
the  urine  of  healthy  poisons  on  tho  same  diet   (of.  vol«  wJ 
p.  J 113) ;  a  fact  which  is  worth  nothing,  becauBO  it  indicaies^l 
thatj  aiuong  tho  substances  which  disintegrate  in  the  organ- 
ism during  fever,  there  must  be  some  which  are  relativel; 
rich  in  compounds  of  potash.     Take  in  connection  with  this' 
tho    fact    that    febrile   urine    is    always   high-coloui'cd,    not 
merely  by  reason  of  its  concentration^  but  because  the  urii%ary 
■pigment  is  positively  increased,  and   it  will  appear   a   venri 
probable   conclusion   at   least,    that    in    fever    considerablaj 
numbers  of  red  hlood'CorpxmcleH  are  made  to  disintegrate, 
conclusion  to  which  other  evidence  also  points.      Uow 
ijuontly,  in  tho  last  placo,  a  small  quantity  of  albumen  ai 
a  few  hyaline  casts  are  contained  in  the  urine  of  fever 
also  known  to  you  from  our  discussions  on  albnminnria. 

Standing  in  sharp  contrast  to  this  rich  and  varied  group 
of  symptoms,  in  which  almost  every  organ  of  tho  body  ia  x^* 
volvod,  is  the  dearth  of  all  characteristic  paihidotjU-o^anx 
iomical  changes.  Not  that  such  are  completely  abseut  frcini^ 
the  body  of  persons  dyiug  from  a  febrile  disease  1  Some  of 
tho  changes,  however,  like  phlegmonous  inHaramntiou  or  a 
tonsillar  abscess^  must  rather  be  looked  upon  as  thu  causa 
of  the  fever;  of  the  remainder,  the  vast  majority  are 
it  is  true,  the  causes,  but  just  as  little  are  they  effects  of  thi 
fever.  A  pueumuuic  inliltration,  a  swelling  of  tho  sph 
a  diphtheria  of  the  pharynx,  do  not  bear  to  tho  fover  any  bi 
a  co-ordinate  relationship  ;  they  are  just  as  much  tho 
ducts  of  the  particular  exciter  of  disease  as  is  tbe  fevc 
itself.  As  regards  a  third  series  of  alterations,  Tory 
qaeutly  observed  in  protracted  febrile  diseases,  socli  ub 
iiores,  atelectases,  and  hypostatic  congestions  of  ibe  li 
it  is  indeed  undeniable  that  the  persistent  fever  ex.erta 
essential  influence  on  their  development,  yet  the  con 
18  obviously  au  indirect  one,  aud  the  changes  are  c< 
not  of  such  a  kind  as  to  admit  of  their  being  recognised  as  i\ 
specific  effects  of  the  fever.     These,  moreover,  are  not  tJ 
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changes  referred  to  when  the  anatomical  effects  of  fevor  are 
spoken  of.  The  writers  who  do  so  have  in  mind,  rather, 
certain  alterations  of  glandular  and  ntuscular  organs  which 
aro  supposed  to  pass  through  certain  gradations,  originating 
in  granular  clondiug  and  swelling  and  going  on  to  marked 
fatty  degeneration  and  disintegration.  These  alterations 
aro  not  unknown  to  you  ;  for  wo  have  minutely  treated  of 
them  under  the  head  of  cloudy  stvelUni/  or  parenchymatous 
dfgeneraiion  (vol.  ii,  p.  684),  and  we  then  discussed  their 
hypothetical  relation  to  febrile  rise  of  temperature.  True, 
we  had  to  he  satisfied  with  expressing  ourselves  very  apho- 
ristically,  because  we  wore  unable  to  say  anything  dednitely 
as  to  the  real  nature  of  this  degeneration.  We  discussed 
the  question  as  to  whether  a  separation  in  solid  form  of  a 
Hiiid  albuminous  body  was  concerned  in  the  change,  because 
the  chemical  reactions  left  no  doubt  that  the  granules  in 
cloudy  swelling  aro  albuminous.  For  this  reason  too  we 
felt  ourselves  bound  to  uphold  Lho  distinction  between  this 
change  and  true  fatty  degeneration^  though  we  did  not  deny 
the  possibility  that  fat  may  be  separated  from  the  albumen 
of  tho  particular  organs.  We  found  fewest  positive  indica- 
tions, however,  of  a  causal  connection  between  both  these 
changes  and  fever.  In  the  oxporiments,^  carried  out  in  the 
iubtitute  at  BroHlau,  on  the  effects  which  artificial  heating  of 
an  animal  exerts  on  the  constitntion  of  its  organs^  it  was 
found  that  guinea-pigs,  after  remaining  for  several  days  iu 
an  atmosphere  of  36*^ — 38*^  C-,  displayed  the  most  beautiful 
fatty  changes  of  the  liver,  heart,  kidneys,  and  voluntary  mus- 
cles, while  nothing  whatever  was  observed  that  resembled 
cloudy  swelling.  And  as  regards  the  fatty  changes,  you  will 
not  forgot  that  the  exchange  of  gases  in  the  blood  differs 
greatly  under  thede  circumstances  from  that  taking  place  in 
fever :  in  the  guinea-pigs  whoso  temperature  wan  raised 
through  the  warm  surrounding  medium,  the  absorption  of 
ojiygen  and  elimination  of  carbon ic  acid  icere  diyniniahed  (cf. 
vol.  ii;  p.  673),  while  in  fever  the  productiou  of  carbonic  acid 
is  abnormally  increased.  If  accordingly  it  cannot  be  pre- 
dicted a  priari  that  the  accumulation  of  fat  iu  the  two  con* 
ditions  is  identical,  although  the  teuiperaturo  isthesame^  wo 
*  latten, '  Vlroh.  A./  lxx»  p.  10. 
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are  no  less  tangHt  by  experience  tliat  tlie  statements  as  to 
the  frequent  occurrence  of  fatty  degeneration  and  disinte- 
gration in  ferer  are  decidedly  exaggerated.  In  the  great 
majority  of  persons  djdng  from  an  acute  febrile  disease,  even 
if  the  fever  has  been  high^  fatty  gland-cells  and  muscle- 
fibres  are  found  in  no  larger  numbers  than  is  common  in 
other  diseases ;  and  though  fatty  heart  and  fatty  liver  are 
not  rarely  present  in  individuals  who  have  suffered  from  pro- 
longed, more  especially  hectic,  fever,  as  the  result  e,  g.  of 
tedious  suppuration  or  chronic  tuberculosis,  in  this  respect 
the  febrile  wasting  diseases  are  not  distinguished  from  the 
non-febrile.  Everything  considered,  the  occurrence  of  febrQe 
parenchymatous  degenerations  cannot  be  reckoned  amon^ 
the  well-established  facts  of  pathology.  Nevertheless,  I  do 
not  deny  that  one  may  very  possibly  often  succeed  in  draw- 
ing the  conclusion  from  the  appearances  found  post  mortem 
that  the  individual  concerned  had  suffered  during  the  last 
period  of  life  from  severe  fever.  If,  say,  yon  find  in  a 
cadaver  a  paronychia  with  inflammation  of  the  sheaths  of 
the  tendons,  and  in  addition  a  fresh,  soft  tumefaction  of  the 
spleen,  a  flabby  heart,  and  the  liver  and  kidneys  presenting 
an  opaqne,  lustreless  appearance,  as  if  cooked,  you  may  with- 
out fear  of  contradiction  declare  that  the  individual  died 
with  the  symptoms  of  severe  fever;  yet  it  does  not  at  once 
follow  therefrom  that  the  appearances  referred  to  are  effects 
and  therefore  signs  of  the  fever  as  such.  In  reality,  it  can 
only  bo  inferred  from  their  presence  that  a  severe  septic  in* 
fection  had  taken  place,  and  it  is  only  the  experience  that 
such  infection  is  always  accompanied  by  intense  fever  that 
justifies  the  assumption  of  its  former  presence. 

True,  the  examination  of  the  dead  body,  and  often  enough 
the  inspection  of  the  living,  afford  proof  of  a  very  different 
kind  that  the  individual  has  suffered  from  a  protracted  and 
severe  fever ;  1  refer  to  the  emaciation,  or,  as  it  is  here  more 
especially  called,  the  consumption  of  the  body.  That  such 
wasting  must  necessarily  take  place  in  every  somewhat  severe 
and  prolonged  fever  may  easily  be  shown .  A  decrease  of  bodily 
substance  occurs  when  the  physiological  equilibrium  between 
income  and  expenditure  is  disturbed  so  as  to  produce  a  marked 
-augmentation  of  the  latter.     Now,  we  have  closely  concerned 
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ourselves  with  the  metabolism  of  fever  patients^  and  wore 
able  to  determine  that  the  production  both  of  urea  and  of 
carbonic  acid  is  abnormally  increased.     Let  it  be  clearly 
understood, — as  compared  with  the  normal,  t.  c.  having  re- 
gard to  the  food  consumed  and  amount  of  bodily  exertiou 
undergone  by  the  patient.     The  absolute  amounts  of  urea 
and  carbonic  acid  eliminated  are  in  themselves  far  from  enor- 
mous, and  are  not  merely  equalled  but  usually  exceeded  in 
health.      But  a  healthy  person  producing'  the  same  amount 
of  urea  introduces  a  much  larger  quantity  of  albuminous  sub- 
stances into  his  body  than  does  the  fever  patient,  who  prac- 
tically partakes  of  no  food,  owing  to  the  state  of  his  diges- 
tive organs  and  the  anorexia  :   in  other  words,  the  healthy^ 
person  manufactures  the  urea  from  the  albumen  of  the  food, 
the  fever  patient  in  greater  part  at  least  from  the  albumen 
of  the  body.      The  excretion  of  urea  and  carbonic  ncid  being 
the  same  in  both,  the  body  of  the  fever  patient  becomes 
poorer  in  nitrogen  and  carbon,  while  the  body  of  the  healthy 
individual  not  only  undergoes  no  impoverishment,  but  may, 
under  certain  circumstances,  become  richer  in  these   sub- 
6tance«.      Now   it   is   true   that   an    accurate    knowledge   of 
the  elimination  of  urea  and  carbonic  acid  does  not  allow 
of  our  calculating  exactly  the    changes  in  the  weight  of  the 
body,  even  though  the  supply  of  albumen  and  fats  be  also 
taken  into  account;  for  the  quantity  of  water  present  is  of 
essential  importance  here.      IIow  much  depends  on  this  factor 
is  shown,  amongst  other  things,  by  the  fact  that  in  high  fever 
the  maximum  weight  of  the  body  falls  in  the  morning  hours, 
a  gradual  loss  taking  place  as  the  day  passes;  while  the 
weight  of  healthy  persons  is  least  in  the  morning  and  in- 
creases till   evening,   owing  to  the  food   taken   during  the 
course  of  the  day.      Leyden,*  who  e^tiiblisbed  these  facts  by 
systematically  weighing  fever  patients,  attributes  the  morning 
maximum  in  fever,  no  doubt  correctly,  to  the  larger  amount 
of  water  taken  during  tho  sleepless  night.      Ho  has  found, 
further^  that  in  no  stage  of  a  fever  is  the  loss  of  weight  during 
twenty-four  hours  so  great  as  at  the  crisis,  where  he  deter- 
mined an  average  of  io*6pro  millo, — striking  evidence  again 
of  the  importance  as  regards  this  question  of  the  retention 
•  Loydcn,  •  D.  A.  f.  kUn.  McU.,'  v,  p.  271. 
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and  loss  of  water  at  any  period.     It  is  quite  unnecessary, 
therefore,  to  refer  to  febrile  diseases,  during  the  course  of 
which  oedema  of  the  skin  or  other  form  of  dropsical  efihision 
occurs,  in  order  to  make  it  appear  intelligible  that  a  fever 
patient  may  maintain  his  weight  almost  unreduced,  despite 
the  considerable  loss  of  albumen  and  fat.     Hence  a  single 
weighing  during  the  course  of  a  febrile  disease  can  decide 
nothing ;  but  if  the  patient  be  day  after  day  systematically 
weighed,  or  if  his  weight  immediately  after  and  before  the 
fever  be  compared,  the  loss  may  in  the  great  majority  of  casea 
be  certainly  detected.      The  slight  supply  of  nourishment 
is  inadequate  to  cover  the  continued  expenditure  inseparable 
from  life,  which  is  moreover  increased  in  some  directions  by 
the  fever.     The  weight  lost  during  a  fever  will  depend  on 
the  elevation  of  the  temperature,  on  the  one  hand,  and  the 
duration  of  the  pyrexia,  on  the  other  ;  thus,  after  severe 
typhoid,  the  emaciation  may  be  very  striking,  and  how  greatly 
is  our  pity  excited  by  the  skeleton  figure  of  a  poor  phthisical 
patient  who  has  suffered  for  months  together  from  an  unin- 
terrupted, though  not  a  high,  fever  !      We  are  unfortunately 
less  completely  informed  as  to  the  share  taken  by  the  single 
organs  and  tissues  in  the  febrile  atrophy ;  for  it  has  not  yet 
been  possible  to  elucidate  this  point  by  experiments  such  as 
have  been  carried  out  on  continued  inanition.      Of  course 
the  adipose  tissue,  which  always  serves  the  organism  as  a 
store  of  superfluous  material  under  analogous  circumstances, 
will  disappear  during  the  febrile  consumption.     But  it  would 
be  of  greater  interest  to  know  from  what  parts  the  albumen 
lost  by  the  body  is  taken,  and  this  more  especially  it  is  im- 
possible to  say  with  certainty  at  present.     The  facts  pre- 
viously mentioned  with  regard  to  the  subjective  and  objec- 
tive morbid  phenomena  connected  with  the  muscular  appa- 
rattis  certainly  attract  attention  very  markedly  to  this  tissue, 
although  I  cannot  recognise  as  just  in  all  their  details  the 
descriptions  which  some  writers*  have  given  of  the  degene- 
ration of  the  muscle-fibres  during,  and  their  regeneration 

*  Cf.  Zenlter, '  Ueber  d.  Veranderungen  d,  willkiirl.  Musteln  im  Typhus 
AbdominaUfl/ Leipsig,  1864;  Waldeyer,  'Virch.  A.,'  iiiiv,  p.  473;  Hoff- 
man, ibid.,  xl,  p.  505  ;  *  Unterauchungen  uber  d.  patbologisch.anatomiscliezi 
Yeiandeningen  d.  Organe  beim  Abdominaltypbus,'  Iieipng,  1869. 
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after^  febrile  diseases.  In  the  second  place,  I  have  already 
more  than  once  stated  that  the  increase  of  the  pigment  and 
potash  salts  in  the  nrine  indicates  an  augmented  disintegra- 
tion of  red  hlood-eorpuaclea.  In  fact,  Bokmann*  has  con- 
vinced himself  by  systematic  counting  that  their  number  is 
reduced  daring  fever,  the  reduction  being  greater  the  longer 
the  fever  lasts.  In  this  way  is  explained  the  frequent  pre- 
sence of  unusual  numbers  of  hlood-corpuscle'Containing  cells  in 
the  spleen  and  bone-marrow  of  individuals  who  have  perished 
through  severe  febrile  diseases,  and  I  may  remind  you  too 
of  the  instances  of  hsemoglohinuria  mentioned  on  a  former 
occasion  (vol.  iii,  p.  1 129)  as  occurring  in  severe  fevers  :  for 
this  symptom  signifies  simply  a  rapid  destruction  of  large 
numbers  of  red  blood-corpuscles,  a  kind  of  hlood-diftsolution, 
to  which  testimony  is  also  borne  in  many  especially  perni- 
cious cases  by  the  occurrence  of  multiple  hsdmorrhagcs  into 
the  gums,  muscles,  pelvis  of  the  kidney,  heart,  genitals,  skin, 
&c.  Yet  experiences  such  as  these  again  arouse  the  suspi- 
cion so  often  expressed,  as  to  whether  the  consumption  in 
febrile  diseases  should  really  be  ascribed  exclusively  or  oven 
in  greater  part  to  the  febrile  rise  of  temperature  ;  and  it  is 
at  any  rate  certain  that  Volkmann's  patients,  as  might  be 
anticipated  from  their  good  appetite  and  scarcely  disturbed 
digestion,  underwent  a  much  smaller  loss  of  weight  than 
is  observed  in  ordinaiy  fevers. 

Prom  the  foregoing  remarks,  you  will  have  arrived  at  the 
conviction  that  we  are  still  very  far  from  being  able  to  pre- 
cisely define  the  anatomical  and  functional  disturbances  un- 
dergone by  the  different  apparatus  of  the  body  in  fever  ;  yet 
despite  this  want,  you  will  still  regard  the  conclusion  as  justi- 
fiable that — apart  from  the  alterations  of  the  metabolism — 
the  relation  of  those  functional  disturbances  to  the  fever  is 
simply  one  of  dependence  ;  all  tho  above-described  derange- 
ments of  the  circulation,  digestion,  respiration,  nervous  sys- 
tem, &c,,  are,  so  far  as  they  belong  to  the  fever  as  suck,  the 
consequences  of  the  febrile  elevation  of  temperature.  Hence  wc 
wore  completely  justified  in  selecting  the  rise  of  tempera- 
ture as  the  central  point  of  the  fever.  And  now,  having 
*  BdktDum,  *  D.  A.  f .  klin.  Hed./  xxix,  p.  481. 
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attempted  to  explain  what  we  know  of  the  causes,  tlie  patho- 
genesis^ and  the  influence  of  fever  on  the]  functions  of  the 
individual  organs  of  the  body,  it  remains  to  briefly  trace  the 
significance  of  the  febrile  process  in  its  bearing  on  the  entire 
organism. 

Whoever  has  constantly  and  earnestly  reflected  on  the  sub- 
ject of  fever  will  have  asked  himself,  long  before  the  pro- 
mulgation of  Darwin's  doctrines,*  the  question,^ What  is  the 
deeper  significance  of  the  process  of  fever,  or,  in  clearer 
terms,  what  advantage  accrues  to  the  organism  from  the  febrile 
'elevation  of  temperature  ?  The  answer  given  by  pathologists 
to  this  question  has  been  very  different  in  accordance  with 
the  general  pathological  doctrines  prevailing  at  the  time. 
Among  the  ancients  the  idea  widely  prevailed  that  the  body 
rids  itself  of  the  disease  or  materies  morhi  by  means  of  the 
fever ;  the  importance  of  fever  was  subsequently  believed  to 
consist  in  its  producing  a  change  of  state  of  the  organs  and 
juices  of  the  body,  a  retuning  of  them,  in  a  sense ;  and  at 
present  the  most  plausible  conception  will  no  doubt  appear 
to  be  that  the  elevation  of  temperature  is  a  means  whereby 
the  organism  is  enabled  to  more  certainly  and  in  particular 
rapidly  oxidise  or  destroy  the  noxa  which  it  is  unable  to 
directly  excrete.  To  prove  this  assumption  I  readily  acknow- 
ledge is  impossible.  Such  considerations  may  consequently 
appear  to  you  to  be  mere  idle  trifling,  and  certainly  from 
a  practical  standpoint  it  is  unquestionable  that  an  estimation 
of  the  dangers  with  which  fever  threatens  the  body  is  of  de- 
cidedly more  urgent  importance. 

A  single  glance  at  the  series  of  febrile  functional  disturb- 
ances whose  main  outlines  I  have  sketched  for  you,  suffices  to 
show  how  seriously  the  well-being  of  the  patients  is  impaired 
by  fever.  Do  not  fear,  however,  that  I  shall  again  repeat  the 
list  of  morbid  symptoms  ;  we  shall  only  concern  ourselves 
for  a  moment  with  the  features  by  which  fever  may  prove 
directly  dangerous  to  life.  For  if  we  completely  disregard 
the  local  conditions  by  which  an  extensive  pneumonia,  a 
laryngeal  croup,  a  general  peritonitis  or  a  basilar  meningitis, 
in  short  so  many  febrile  diseases,  may  bring  about  the  fatal 
termination,  there  still  remains  a  considerable  number  or  in- 
*  Cf.  Lejden  and  Fiankel, '  Yixoh.  A./  Ixxvi,  p.  184. 
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deed  a  majority  of  such  diseases,  witL  regard  to  whichj  as  clini- 
cal and  anatomical  methoda  have  increased  in  precision,  the 
oonvictiou  has  st-eadily  gained  ground  that  if  they  prove  fatal, 
it  is  the  fever  that  is  mainly  responsible.  If  we  now  seek  to 
analyse  more  carefully  the  evil  effects  of  fever,  wo  find  that  the 
con.tumj}tion  due  to  the  fever  appears  to  present  the  simplest 
problem.  For  we  have  learned  from  Chossat's  celebrated 
investigntions*  that  the  higher  animals  succumb  irretriev- 
ably to  death  by  starvation  when,  owing  todeprival  of  food, 
they  have  lost  about  40  per  cent,  of  their  body-weight.  If  now 
we  assume  with  Lcydent  that  the  daily  consumption  in  fever 
is  on  the  average  7  pro  mi  lie  of  the  body- weight,  a  somewhat 
severe  fever  wonld  be  capable  of  destroying  in  aboat  eight 
weeks  an  individual  whose  nutritive  couditiun  was  moderately 
good,  simply  as  the  result  of  the  continuous  loss  of  weight. 
Still  severer  degrees  of  febrile  wasting  have,  however,  been 
observed — and  that  not  simply  in  individuals  who  were  pre- 
viously very  fat — without  any  immediate  danger  to  life.  This, 
it  would  seem,  depends  in  some  measure  on  the  fact  that  after 
the  fever  has  lasted  long  the  reduction  of  weight  becomes 
slighter;  and  it  should  also  be  considered  that,  just  as  the 
starving  animals  in  Cfaossat's  experiments  were  kept  alive  by 
artiHcial  warming,  so  here  too  the  febrile  rise  of  temperature, 
which  causes  the  cousumptiun,  may  also  be  a  means  of  pro- 
longing the  life  of  the  emaciated  individual.  Everything 
considered,  Febrile  consumption  must  not  be  credited  with  too 
much  importance  as  an  immediate  cause  of  death,  and  least 
of  all  does  it  come  into  play  in  those  fevers  which  prove  fatal 
a  few  weeks  or  days  after  the  commencement  of  the  disease. 
In  these  acute  cases,  it  is  not  ancominon\j  the  e^^essive  in- 
creeue  of  bodily  heat  that  directly  terminates  life.  For  you 
remember  the  rule  derived  from  experience  (vol.  iii,  p.  1330) 
that  the  life  of  warm-blooded  auimals  is  only  compatible 
with  temperatures  which  do  not  exceed  their  average  heat 
in  a  healthy  state  by  more  than  about  5° — 6  ,  and  that  there- 
fore a  still  greater  increase  of  temperature  is  absolutely  fatal 
to  them.  Wo  saw  the  rabbits  nnd  guinea-pigs  perish  so  soon 
aa  the  limitation  of  heat-loss  had  caused  a  rise  to  43^  and  44°  ; 


•  CbosMt,  •  Sur  rinanition,*  1843. 

t  Leyden.  *  D.  A.  f .  kilo.  MetU'  7,  p.  271. 
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H«T%  al«>  ft  t«iBp«n£Ke  'Tf  xy  or  44^'  iemdi  wixk  ftbecfsse 
iwstttcssj  Vv  dmch,  i^i^  ssonlH-  pfwwga  zapidlT ;  iadeed,  ac- 
eordng  t<>  mmrimrja*  opcbhb  of  a£i  pfajnciaBs,  aaeiervxioa 
t<>  flKve  tfasn  42',  if  it  iftcts  for  sbj  tiaey  — Vr  ?  &  kor  vb- 
bkTonikAn  pn4m0ms  aeeeseBrr.  Yec  tk  pkw^ema.  ngiit 
eonnder  bbn«lf  irjnaaate,  if  none  box  tbose  £rrer  r*^^''-*^ 
wlKoe  temtwnBtvre  rose  to  42'  perished.  In  ike  gremt  ib»- 
joritT  <(£  perBOOS  dTiD4?  dnniig  and  in  ecyaseqaeaee  of  fierer, 
aa  ekrration  to  40^5'  or  at  most  41'  is  never  exceeded,  and 
th««e  ▼nine*  are  often  not  eren  attained.  TW  gnineA-pigs  also 
whose  bodilj  heat  was  not  laised  abeyre  this  point  br  dieir 
MtAj  in  the  warm  chamber  were  nnabie  to  bear  it  more  than 
at  most  5—6  dajs,  and  in  fever  patientw  it  is  still  easier  to 
show  in  what  waj  eren  this  temperaiore  prores  threatening 
to  life.  The  effect  of  fever  on  the  keari  is  in  mj  opinicm  the 
central  point  of  the  whole.  For  the  eleration  of  fcemperatnre 
is  attended  by  an  increased  demand  on  the  heart's  work. 
OwiniEf  to  the  greater  frequency  of  the  pulse,  the  dnration 
of  the  working  phases  in  the  nnit  of  time  is  prolonged,  while 
the  periods  of  rest  are  shortened ;  at  the  same  time  an  ad- 
ditional harden  is  thrown  on  the  heart  hj  the  augmented 
activity  of  the  respiratory  muscles  in  fever.  On  the  other 
hand^  not  only  must  the  defective  supply  of  nourishment  tell 
most  severely  on  those  organs  which  have  to  work  uninter- 
ruptedly— the  respiratory  muscles  and  above  all  the  heart — 
but  to  this  must  be  added  the  fact  thai  a  long  persUtent  fever 
regularly  reduces  the  motive  power  of  the  heart.  Now,  re- 
member that,  as  the  result  of  the  consecutive  fall  of  arterial 
pressure,  the  functions  of  all  possible  organs  will  suffer  more 
or  less,  and  that  the  central  nervous  system  in  particular, 
whose  periods  of  recuperation  have  already  been  shortened 
by  the  sleeplessness,  must  have  its  activity  impaired  by  the 
inadequate  supply  of  arterial  blood.  But  consider  more  es- 
pecially what  a  pernicious  circulua  vitioetts  arises  for  theheart, 
so  soon  as  the  coronary  arteries  cease  to  supply  it  with  the 
copious  stream  of  arterial  blood  which  it  so  greatly  needs  pre- 
cisely in  fever.  It  must  inevitably  happen  that  its  functional 
power,  already  depressed  owing  to  the  continued  high  tem- 
perature, will  become  steadily  enfeebled.     If  the  weakness 
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ot  the  heart  is  rapidly  developed^  a  very  characteristic  group 
of  symptoms  may  ensue,  which,  though  no  more  pathogno- 
monic of  fever  than  are  the  rigors,  is  yet  observed  with  ex- 
treme frequency  in  febrile  diseases  ;  I  refer  to  so-called  col- 
lapse. In  the  slighter  degrees  of  collapse,  the  only  striking 
symptom  is  the  coldness  of  the  peripheral  portions  of  the  body, 
the  nose,  ears,  hands,  feet,  &c., — a  coldness  which  will  then 
the  more  vividly  contrast  with  the  high  internal  temperature. 
A  much  more  threatening  picture  is  presented  by  the  severer 
degrees  of  collapse.  The  patient  lies  pale  and  motionless 
with  a  feeling  of  the  most  extreme  feebleness,  the  face  is 
pinched,  and  the  skin  of  the  entire  body  almost  as  cold  as  ice, 
the  sense-perceptions  cease,  the  pulse  can  hardly  be  detected 
and  the  respiratory  movements  are  so  superficial  as  scarcely  to 
be  recognisable.  These  phenomena,  it  is  unnecessary  to  ex- 
plain, are  all  of  them  the  direct  results  simply  of  a  rapidly  oc- 
curring extreme  feebleness  of  the  heart,  in  consequence  of  which 
no  mure  blood  enters  the  skin,  the  brain,  the  sense-organs,  &c. ; 
they  are  therefore,  unless  the  cardiac  weakness  is  rapidly  over- 
come, the  certain  forerunners  of  death.  It  is  only  a  minority 
of  fever  patients  that  perish  with  the  evidences  of  such  ex- 
treme collapse ;  in  most,  the  energy  of  the  heart  is  much 
more  slowly  reduced,  and  only  very  gradually  declines  to  a 
degree  which  is  no  longer  compatible  with  life.  Before  this 
point  is  reached,  a  number  of  days  is  wont  to  elapse,  as  has 
been  emphasised  more  than  once ;  and  if  a  patient  perishes 
during  the  first  few  days  of  a  febrile  disease  without  the  in- 
tervention of  any  specially  grave  accident  or  the  occurrence 
of  an  excessive  rise  of  temperature,  you  may  be  certain  that 
the  fatal  issue  has  been  induced,  not  by  the  febrile  rise  of 
temperature  as  such,  but  by  the  morbid  cause  which  origin- 
ated  the  fever.  Such  deaths  not  uncommonly  occur  in  cases 
of  peracute  septicaemia,  occasionally  in  diphtheria,  as  well 
as  generally  in  many  severe  infective  diseases.  We  are  ac- 
cordingly again  face  to  face  with  the  point  of  so  much  critical 
importance  in  the  entire  pathology  of  fever,  namely,  that  in 
all  fevers  coming  under  observation  the  disturbances  of  the 
economy  of  animal  heat  are  most  intimately  interwoven  with 
the  other  symptoms  and  effects  of  the  special  disease.  Not 
till  we  shall  have  succeeded  in  sharply  and  certainly  distin- 
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guishing  what  belongs  to  the  purticaiar  disease  aad  what  to 
the  morbid  elevation  of  teinpei-atore  will  it  be  possible  for 
us  to  completely  nnderstand  the  febrile  process :  then,  how- 
ever, I  hope  that  the  conscionsness  of  the  physician  will  be 
again  imbued,  but  in  a  much  higher  degree,  with  the  belief, 
that  fever,  though  not  free  from  danger,  is  nevertheless  a 
"  wise  "  contrivance  of  the  organism.* 

*  On  the  subject  of  ferer,  cf.  the  appropriate  Bcctions  in  the  handbooks 
of  general  and  special  pathology  and  of  sni^ry,  e.  g.  Virchow,  C.  O.Weber, 
Uhle,  and  Wagner ;  alao  Wnnderlich,  *  D.  Verhalten  d.  Eigenwarme  in 
Krankheiten/  a  Anfl.,  Leipzig,  1870;  Senator,  *  Untersachongen  uber  d. 
fieberhaften  Process  und  seine  Behandlang,' Berlin,  1873;  Iiieberroeiater, 
'Handb.  der  Patholngie  and  Therapie  des  Fiebere/  Leipzig,  1875;  H.  C. 
Wood,  •  Fever ;  a  Study  in  Morbid  and  Normal  Physiology,*  Washington, 
1880  (Smithson.  Contrib.) ;  Traube's  'Ges.  Abhandlungen,'  which  abound 
in  valuable  information  on  this  snbject  also. 
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Chtlx,  sUgustioD  of,  i.  609 
CfiTLUBlA.  iii,  1216, 1249, 1272 
CiCATBlCKS,  i,  367  ;  ii,  695 

—  apoplectic,  ii,  695 

—  with  defect,  ii,  577 
Cu^run,  ii,  721 
CoAOVLAtiOH,  ii,  563,  591 
COLLiPSi,  iii,  1348, 1417 
Coixxqoatioh.  ii,  566 
Colloid  kktaxobphosis,  ii,  688 
CoHCBtnovs,  calcareou,  ii,  650 

COVDTLOMA  AOUICINATVIC,  ii,  722 

CovoKsnOM  (vide  Hypemnia,  active) 
CoiriuHOnTA,  diphtheria  of,  ii,  595 
CoirmtOTiTB  Tisstri,  contzaction  of,  i, 
876 

—  —  new  f onoatioD  of,  i,  853, 364 ; 

ii,724 
CoHlTlPATlov,  iii,  862,  906,  972 
COKSlTMPnOK,  febrile,  iii,  1410,  1415 
CovTAOnrx    tititx   s.  ASnCATVM,  i» 

806,809 
CovTirLfliosa,  iii,  1088 

—  epileptic,  i,  391 
CooLlVO,  iii,  1326 

CoBirsA.  fatty  degeneration  of,  ii,  667 

—  infliiniiDaUonw(nenro-(Mralytic),i, 

285 

—  necrosit  of,  i,  285 

—  regeneration  of,  i,  851,  368 
COBOKABT  ABTBBIB8  (of  heart),  circola- 

tion  of,  defective,  i,  108 

hjpemmia  of,  i,  142 

occloBion  of,  i,  35, 216,  627 

scleroeis  of,  i,  36,  87,  74,  77 

COBPOBA  AMTLAOIA,  ii,  694 

COBPITB  LDTXUM,  ii,  695 

CoBPrsOLBS,     OOVPOUHD     unTLAHMA- 

TOBT,  i.  359 
CoufiH,  ill,  1035 

—  dry,  iii,  1088 

—  failure  to.  iii,  1043 

—  infective,  iii,  1038 

—  ■paamodic,  iii,  1040 
Cboitp,  ii,  587 

—  diphtheritic,  ii,  590 

—  of  urinary  paaeages,  iii,  1249 

—  pnre,  ii,  589 

CiTBABB  DIABITBB,  iii,  925 

CmiTlS,  ii,  541 ;  iii,  1210,  1264 

—  diphtheritic,  iii,  1249 

—  lympho-aarcomatooa,  iii,  1249 

—  purulent,  iii,  1249 

—  tuberculous,  iii,  1249 
Ctstoka,  ii,  764.  775,  809 
Ctsts,  apoplectic,  i,  411 

—  fonnaUon  of,  ii,  712 


DBonuTUB,  ii,  541, 54^  667 
Dbpaoatioh.  iii,  965 
DKTB0T8,  congifuital,  ii,  616 
Dbobvbbatiov,  ii,  £25 

—  cancerous,  ii,  810 

—  fiitty,  ii.  660 

acute,  of  the  new-bmrn,  ii,  674 

—  parenchymatous,  ii,  684 
febrile,  iii,  1409 

—  waxy,  lardaceous  or  amyloid  (ride 

Amvlmd  Degeneration) 
DBOLiTTinoB,  iii,  835 
Dbbhoid  tumoubs,  ii,  764^  700, 772 
Dbbiooatiov,  ii,  568 
Dbtbbkivatiok    (vide    Hypermmia. 

active) 
Dxabbtbs  insipidus,  iii,  1140, 1271 

—  mellitus,  i,  380 ;  ii,  661 ;  iii,  982; 

949, 1109, 1124, 1272 

artificial,  iii,  ^8 

DiAPBDBfliB,  i,  162,  263,  269.  89S,  884 
DiAPBBAOM,  defects  of,  iii,  1062 

—  fatty  degeneratioQ  of,  ii,  660 ;  iii* 

1062 

—  paralysis  of,  iii,  1063 

—  pressure  upwards  of,  iii,  1022 

—  spasm  of,  iii,  1064, 1067 
DiABBHOlA,  iii,  966, 1111, 1116 

—  infective,  iii,  964 

—  in  nephritis,  iii,  1293,  1309 
DUTHBSis,  h»morrhagic,  i,  898 

in  renal  disease,  iit,  1298 

DiOBSTioir,  derangements  of,  in  fever, 

iii,  1406 
in  uraemia,  iii,  1293, 1807 

—  pathology  of,  iii,  823 

DlLATATIOH-TUMOimB,  ii,  712 

DiPBTHBBiA,  ii,  586 ;  iii,  1169 

—  infective,  ii,  596 

—  of  bronchi,  iii,  1057 

—  of  larynx,  iii,  1057 

—  of  wound*,  ii,  598 
DiPHTHBBOiD  poci,  ii,  600;  iii,  884 

DlBBBOTIOV   OP  HBOBOnO  TIMVB8,   ii, 

581 
DOLOB,  inflammatory,  i,  273 
Ducnre  choledocbns.  dilatation  o^  iii, 

894 
occlusion  of,  iii,  902,  906,  921 

—  tboracicos,  occluaifni  of,  i,  609 ;  ill, 

984 
rupture  of,  i,  606 

—  Wirsungianus,  ocdosion  of,  lit,  948, 

945 
Dtbbktbbt,  chronic,  i,  461,  691 

—  epidemic,  i.  307.  596 
Dtbpbfbia,  iii,  866 
Dtbphaoia  spastica,  iii,  838 
Otsphcba,  iii,  999. 1060, 1073, 1060 
— -  expiratory,  iii,  998, 1028 


^^^^t                                                                  ^H 

DTBrNCKA.  in  chronic  rcnnl  iliscMe^  iii. 

KETBrPBLAS,  i.  263.  298,  308,  313                     ^H 

1310 

EErrHBMA  caloricnm  or  Bolaru,  i,  321               ^H 

—  tuapiriktory,  ui,  998 

—  uudosum,  i.  520,  541                                      ^^M 

Exacbebatiov-pbeioo  of   fcvvr,  iii,            ^^M 

KA.KTBY    SALTS,  in    iiriiit!.   iii.   12E>5. 

1357                                                           ^M 

12«K> 

ExAMTUKM.  acute,  1,  272.  321                     ^^^^| 

suppljr  of.  durtrieiit.  ii,  628 

EXPBCTORATIOIf,  iii.  U)39                                  ^^^^1 

euouyuoABs,   i,  233.  3S-k  391;    Hi. 

Exfibation,  active,  iii,  1067                    ^^^^| 

1102 

—  impuaiments  to.  iii.  998,  1064                ^^^B 

GoHnrococous.  i,  222  ;  iii,  886 

Exteavasation.  of   bloodKwrpoBolM,           ^^H 

EOX.AMPSIA  PAJITUIilEItTIUM.  iii,  Ui3, 

i,  250.  2^f3.  363                                       ^^^M 

I2i^.  130* 

—  calcification  of,  i,  411                            ^^^^H 

Ectopia  vxsioj:,  iii,  1282 

—  decomposition  of  (putrid),  i,  411           ^^^^^| 

ELBPHANTIA8I8.  H,  724.  783 

—  inapiaaation            411                                ^^^^H 

Embouo  roci,  t,  232 

—  orgHuisMtion        t,  410                              ^^^^H 

Kmbolmk.  i.  182 

EXDDATIOV,  caleiAcutioii  of,  i,  343             ^^^^1 

EiuoLua,  beaiipi.  i.  tS» 

—  CAftL-fltion  of.  i.  343                                    ^^^^^| 

—  cancerutu,  it.  812 

—  diphtheritic,  i.  332                                  ^^^^| 

—  infetrtive  or  malignant,  i.  S2t) 

—  fatty  dfgenvration  of,  i,  342 ;  ii,  677            ^^H 

—  obHtructive  (complotoly).  i,  185 

—  ftbrino-»eroa«,  i,  331                               ^^^^H 

—  recurrent,  i,  185 

—                    i.  324                                         ^^^^H 

—  riding,  i,  186 

—  bnmorrhagic,  i,  270                                 ^^^^^| 

Empyema,  i.  323,  330.  373,  581 

—  inaammatory.  i,  2«in.  273,  461              ^^^^| 

Ekohokoboma,  ii.  772 

—  muco-pnrulent,  i,  333                              ^^^^^| 

Ehdaetkritib  deforuuuv  (viJ«  Arte- 

— Diucou*,  i,  333                                         ^^^^H 

ries,  wlerocis  of) 

—  pericardial,  iii,  1022                                ^^^^| 

—  fibrosa,  i.  2-14^  378 

—  pleuritic,  i.  101, 168;  iii,  1018, 1021       ^^M 

—  obliterana  (of   ronal   arfeoriM),  iii, 

1184 
Eirs-AETBBT.  i,  119 

~  purulent,  1,  327                                                ^^M 

Fjbcbs  ia  dUrrbm.  ui.  968                       ^^^| 

cmboliiiD  of,  i,  211 

—  Dornial,  iii,  968                                      ^^^^H 

thrombo«i  of.  i.  211 

—  vomiting  of,  iii,  978                              ^^^^^| 

1 Ew»ocAfti»rrw  nlceroaa,  i,  4*1. 202.  205, 

Fat,  digestion  of.  iii.  903                         ^^^^| 

^K             £38,  813.  893,  497;  ii.  552;  iii, 

— impaired,  iii.  946                       ^^^^^| 

^P             1208 

—  fommtion  of,  i.  425  ;  ii.  655                 ^^^^H 

^~      —  «WuUri«.  1.  44.  176,  378 :  iii.  1 160 

KAT-DB0P8  in  urine,  iti,  1133                      ^^^H 

EirsoCAStirrM,  fatly  degiriicrntion  of, 

Fattt  change,  ii,  653;  iii,  913,  914,             ,^H 

i,4.03 

1331                                                          ^^^M 

Ewi>ojr«T»iTiB,  i.  223 

—  enjboliam.  i,  223                                       ^^^^^H 

Endophlbbitu  cheokka.  i.  24 i 

—  liver,  iii.  889.  920                                 ^^^H 

BrDOTHBLiUM,  fattv  dv);un«ration  ot. 

FBBBIS  ntTUBMITTBUS,  i,  307.  469;  ii.             ^^H 

i.  176 

691.   695.   725;   iu,    1175.   1358,            ^H 

EHOOCBiTKirr.  i.  323;  iii,  1015 

1396                                                              ^H 

Entbbitib.  iii.  1»66 

Fbexrntatiok.  abnormal,  iu  itomach,             ^^M 

Epidbemib.  hypcrtrophj  of.  ii,  712 

iii,  857,  8tj2                                                     ^H 

RpIOLOTTIS,  (Irfwtii  nf.  iii,  1033 

—  DL'id  in  month,  ii,  H33                                  ^^^^ 

Epilsptio  bbizcab,  iii,  1153. 1324 

Fkbmrnt-intoxication,  i,  240.  475         ^^^^B 

EpITHBLIAL  PIAEU,  il,  775 

Kbvkh,  i,  8H.  91,  335  ;  iii.  101'6.  1094,     ^^^H 

Epithkiioid  okllb.  i,  358.  364.  740 

1110.  1112.  1114.  1153.  1450             ^^^H 

Rfithruoma.  ii,  76-1 

—  adynamic,        13!K>                                  ^^^^^M 

EfrTHBLirH,   degeneration   o(,    fatty. 

—  asuptie,  til,  1403                                    ^^^^^| 

ii,670 

—  aithenic.  i!).  1399                                  ^^^^| 

—  dcatmctioD  of,  il,  590 

—  causeii  of.         13G0                                  ^^^^| 

—  proliferation  of,   atypical,   ii.  724, 

—  chill,  iii.  13.'>3,  1383.  1391                      ^^^H 

80! 

—  dinrnrtl  diietutirioitft  of.                          ^^^^^| 

—  r«geD«rstiofi  of,  ii,  593 

—  e*«enti*il,  Iii.  1361                                      ^^^^H 

EPtTt.It,  MrcoinAt<iua.  ii,  793 

—  py»mi<r,         1397                                     ^^^^^| 

Kegotibm.  ii,  550 

—  Mptic,        1397                                        ^^^^H 

Eeouoxb,      bwmorrbagic*      of       the 

—  ttages  of,  iii,  1353,  13U1                        ^^^H 

1                    itomacb,  iii,  876 

—  athenic,  ui,  1399                                   ^^^^H 
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Fmn,  afwftamaiae,  ui,  13G0 

—  tjpcs  of,  ui«  1357 
FiBKor,  i,  173,  324 
FxBEzy-nxxzjrT,  i,  173,  237.  410;  in, 

1366 
FiVKaooKV,  i,  173, 325 

FlBBOMA,!!,  7&4 

FiLA&lA  Magmnu  homiait,  i,  49S ;  ui, 

1219 
-—  mngmmAeatm,  i,  4% ;  iii,  1219 
Fiamx  Tenoiu,  i.  231 
Fores  maeamtiu,  ii.  S70 

—  pa{nrneeu,  ii,  570 
Fooi>,  iutrof!:eaotu,  iu,  1114 
FoKKxev-BODT  mTiconA,  til,  1051 
Frvcno  lbba  (in(hmin«t4>ry),  i.  278 

GALL-nUADPES,  lii,  892 
*—  —  iaipenrioiuaeM  of,  iti,  893 
GAVGUOV-CtUM,  eakifiistion    of,  ii, 
643 

GAVeBBTE,  u,  547 

—  cimnnscribed,  ii,  574 

—  denuircatioo  <rf.  ti,  576 

—  dry,  ii,  562 

—  due  to  preMUK,  ii,  557 

—  cmphyMnutou,  ii,  568 

—  fever  of,  ii,  582 

—  io  Mxuetithettx,  ii.  560 

—  inodoroiu,  ii,  666 

—  meUctuet  in,  ii.  681 

—  mout,  i,  338 ;  ii.  667,  582,  600 

—  lenile,  ii,  666 

—  f  ponUneoos,  U.  556 

—  ■ymmctrical,  ii,  561 

Casks,  exeliange  of.  in  the  blood,  iii, 
1078 

in  ferer,  iii,  1371 

Oastbsctabis.  iii,  860,1109, 1113 
Gastkic  PI6Z8TI0V,  iii,  844 

—  jnice,  dilntion  of,  iii,  829 

Mcretion  of,  iii.  846 

Gastritis,  iii,  847.  851.  853 
Oastso-duodsval  cataskh,  iii.  900, 

904,943 
Gexitai,  oiOAVS  (female),  atrophy  of. 

U,609 

growth  of,  ii,  747 

GtAKT-CBLLS*  t,  291.  359,  864;  ii.  738 
GIA5T-OBOWTH,  ti,  750 
Glavdkbs.  i,  807 ;  iS,  728 
Glavm.  atrophy  of,  ii,  589, 712 
Glxoxa,  u,  754,  809 
GLOKKBULO-vxpauTiB.  iii,  1168, 1170 
Gi/>TTis,  c&dema  of,  i,  323. 517 ;  iii,  994 

—  ■pa«m  of,  ilL  995, 1092 

—  steDocit  nf,  iii,  993 
Gltcookv,  iii.  918,  930 
Aaitbs  (ride  Thyroid  GUod) 

1.306 


6<k;t.  ii  691 ;  m,  113&  1175 
i   GBATCTtATion,  fwilina  ei,  i,  367 
I  GBO«TB,inftMaeeiif  ■crvcsoa.n,599, 
701,70* 

—  phynologjcal,  S,  533, 700 

I   H  JOunKSsn,  m.  872 
Rkkatodiv,  i,  192,  406 ;  ii,  695 
Rkkatoxa,  i,  384 
&KKATrmia,    ni.    1126,  U46,  llM, 

1212;  1217, 1249 
HxKooummnuA,  i,  440,  466,  475; 

iii,  1126 
Okmophhia,  i,  397,  4M 
Rehofttsu,  i,  389 ;  m,  1063, 1092 
Rbxobxhaob,  i,  233,  aS6, 383 

—  arrest  of,  br  tbroaboaa.  i,  402 

—  fatal,  i,  401 ;  ni,  1090  _ 

—  in  ii^»hritas  (c^nMue),  m.  1911 

—  peri&pedMin,  1,219^21^  292;  3SS 

—  perrb^in,!,  384;ii,  661 
RncosxHonw.  blasding  froa,  i,  S89 
Haustkbhii  (ride  Ontoowalaeia) 
HXAST,  air,  eatnuoe  oC,  into  rigbt,  I, 

228 

—  aneorysnu  of,  i,  179 

—  atrophy  of,  ii,  614 

-*  anricnlar  appendiees  d^  i.  178 
thrombosu  of,  i,  185, 196 

—  coQtnctioos,  acederatioo  oC  i,  68« 

87 

arhythmia  o^  i,  88 

^  —  infloenee  of  intra-eardtac  centre 

o&.i,  86 

sympathetic  on,  i.  86 

ragns  on,  i,  57, 86 

retsrdatkm  of ,  i.  54,  60,  87 

Btxengthening  o<,  i,  48, 63^  104  ; 

iii.  1070 

—  diast<Ae  of,  impeded,  i,  20 

—  dilatation  of,  i,  57.  80 

—  exhaustion  of;  i,  76, 107 ;  iii,  1196 

—  foramen  ovale  of,  patent,  i,  6&  183 

—  ganglia  of ,  i,  34,  SiS 

—  hypertrophr  of,  excemtrie,  i,  S6, 09, 

70,  100;  iii,  1022 
idiopathic  or  primur,  i,  65, 60, 

72 
ample,!.  55, 69. 89. 97, 106;  14S, 

450;  iii.  1070.  1138,  1181,  1241, 

1312 

—  mnscnlatnre  of .  i.  34 
abscess  cf ,  i,  89 

atrophy  of  (brown),  i,  697 

cyiticercns  in,  i.  39 

degeneration  of  (amrkid),  i,  S9 

(fattv),i.38,41.'76.87.107, 

179.  389.  403;  ii,  669,  676;  ia» 

1331 
echinooocons  ii^  I,  3^  HI 
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HxABT.  induration  of  (flbrooi),  i,  88, 

40,179 
InfaroU  of,  i,  38 ;  u,  668,  671 

—  —  tttmonn  of,  i,  39 

—  orifices  of,  stenosis  of,  i,  46,  60,  66, 

60,  77,  86 

—  orer>exertion  of,  i,  83 

—  paralysis  or  feebleness  of,  i,  74*  77, 

178,  403, 464, 627 ;  iii.  1289, 1306, 
1330, 1400,  1416 

—  rupture  of,  i,  389,  401 

—  STStole  of,  impeded,  i,  83,  78 

—  thrombosis  of,  i,  186,  221 

—  valves  of,  calcification  of,  ii,  646 

insufficiency  of,  i,  44,  49,  57.  C2 

— relative,  i.  44 

mechanism  of,  i,  43 

—  valvular  lesions  of,  aortic,  i,  44^  46, 

49,  62,  66,  69,  60,  82, 100 

—  —  —  compensation  of,  imperfect, 

i.  76,  79,  82,  170;  iii,  950,  986, 

1071, 1148, 1288, 1306 

perfect,  i,  69,  68 

influence  <^,  on  the  composi- 
tion of  the  blood,  i,  171 
—  —  on  the  pulmonary  circn- 

lation,  iii,  1069 
mitral,  i,  44,  47, 66,  60, 62, 

88,167 
—  pulmonarr,  i,  44,  47,  50, 66, 

69,77 
tricuspid,  i,  44,  46,  66,  60, 

62,85 

—  vegeUtionsof  (i;lobnIar),i,186,191 

—  work  of,  disturbances  of,  i,  83 
Heat,  in  fever,  loss  of,  iii,  1376, 1388 
increased,  iii,    1820,    1326, 

1887 

production  of,  iii,  1868 

diminished,  iii,  1332, 1885 

increased,  iii,  1318,  1824 

regulation  of,  iii,  1879 

—  influence  of,  on  oxidation,  ii,  671 
"  regrulation  of,  iii,  1816 

—  retention  of,  iii,  1329, 1348 
Hbpatisatiov,  yellow,  of  lungs,  i,  342 
HBBiriA,  i,  168;  iii,  976 

Hebfeb  Z08TIB,  i,  285, 541 
Hodoein'8  disxase  (vide  Pseudoleu- 

kasmia) 
Hospital  oait&bbne,  ii,  598 
Htdbxhia,  i,  880. 446. 447,  474  j  Ui, 

111),  1876, 1277, 1800 
Htdbocblx,  1,  823,  617 
Htbbocbpbaivb,  i,  323,  617 
HTDBomcPHBOfliB.  iii,  1283 

—  bikteral,  iii,  1194, 1240. 1261. 1307 
Utdkops,  i,  166,  463,  610 

—  cachecticus,  i,  462, 518 

—  inflamnntorioa,  i,  618 


Htdbops  i  n  renal  disease,  iii,  1878, 1289 

—  irritativus,  i,  618;  iii,  1286 

—  raechanicns,  i,  613 

—  of  the  gall-bladder,  iii,  898 

—  of  the  serous  cavities,  iii,  1282 

—  scarlatinosus,  iii,  1286 
Htdbotho&az,  chylous,  i,  607 
HTPALBiTHnroaiB,  1,  462,  519 
Htfebamia,  active  or  arterial,  i,  184, 

164,  263,  279;  ii,  718;  iii,  927, 
1141 

—  collateral  or  compensatory,  i,  129, 

188 

—  idiopathic,  i,  135 

—  inflammatory,  i,  183,  262,  352;  ii, 

717 

—  passive  or  venous,  i,  144,  280;  iii, 

1102 
cedema  dne  to,  i,  160,  512; 

iu.  1015,1289,1291 

urine  in,  iii,  1144 

Htpbuhosib,  i,  269 
Hyperostosis,  ii,  710, 726 
Htpebplabia,  ii,  727 
Htpbbtboput,  compensatory,  i,  130, 

133;  ii,  720 

—  leukssmic,  ii,  726 
Htpboxycetj,  i,  497, 569 

—  spores  of,  in  urine,  iii.  1183 
Htpopxox-kbkatitib,  i,  498 
Htpobtasbb,  i,  148.  820,  839;  ii,  557; 

iii,  1400 
Htbtebia,  iii,  1095 

ICUTHTOSIS,  ii,  722 
lOTEBiTs,  i.  88,  91,  475;  ii.  697;  iii. 
908,1125 

—  catarrhalis.  i.  57;  iii,  901,  907 

—  gravis,  i,  893 ;  ii,  673 ;  iii,  912, 1116 

—  hematogenous,  i,  476 

—  meUs,  ii,  697  ;  iii,  908 

—  neoHHtornm,  i,  406 ;  iii,  901,  909 
IVAKiTiox,  ii,  604 ;  iii,  916 
iNCOyTiVEKTlA  alvi,  iii,  986 

—  urine,  iii,  1266 
IvDiOAif  in  urine,  iii,  977, 1123 
IXDOL,  iii,  977,1123 

Ivf  ABCT,  hiemorrhagic.  i,  126, 211, 884 
JirpECrrvE  diseases,  I.  306,  848,  898, 
696,  685  ;  iii,  1861 

—  tumours,  ii,  728,  810 
brriLTBATiov,  fatty,  ii,  660 

—  purulent,  i  826 

iKfLAM KATZOir,  i,  229,  243 ;  ii,  801 

—  acute,  i,  871 

—  adhesive  or  prodactive,  i,  364,  874, 

410 

—  asthenic,  i.  820 

—  cardinal  signa  of,  i,  261 

—  cuusea  of,  i«  298 
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IvtulMKatioit,  chronic^  i.371 

—  consequences  of,  i,  335 

—  eroupons  or  fibrinoos,  i.  324 ;  ii,  666 

—  diphtheritic,  i,  337;  ii.  666,  587 

—  dissecting,  i.  411 ;  ii,  592 

—  hemorrhagic,  i,  330 

—  heredity  in,  i,  381 

—  hyposUtic,  i,  320,379 

—  infectire,  i,  306,  328,  343,  381 

—  in  gangrene,  i,  299 ;  ii.  676 

—  in  renal  disease,  iii,  1294, 1314 

—  metastatic  or  secondary,  i,  347 

—  predisposition  to,  i,  380 

—  pn^pressive,  i,  344 

—  pnmlent,  i,  326 ;  ii,  578 

—  rbeomatic,  i,  819 

—  sthenic,  i,  320 

—  theory  of,  cellular,  i,  285 

ischemic,  i,  281 

monadistic,  i,  306 

neuro-hnmoral,  i,  281 

paralytic,  i,  281 

stoinatH,  i,  293 

—  toxic,  i,  299 

—  tranmutic,  i.  300,  303 

—  trophic,  i,  284 
Ihvlvbkza,  i,  308 ;  iii,  1057 
I50BITB,  iii,  1124 

iNflFi&ATioK,  impediments  to,  iii,  997, 
1062 

—  moscles  of,  atrophy  of,  iii,  1062 

^-  —  contraction  of,  obstacles  to,  iii, 
1063 

hypertrophy  of,  iii,  1066 

■—  —  trichinse  in,  iii,  1063 

—  nerves  of,  paralysis  of,  iii,  1063 

INTB8TIMAL  JUICE,  iii,  949 

increased  secretion  of,  iii,  962, 

959 

IVTBBTIMB,  absorption  from,  dimin- 
ished, iii,  973,  984 

of  fluids  from,  iii,  967 

—  amyloid  degeneration  of,  ii,  694; 

iu,  967 

—  anssmia  of,  i,  129 

—  bends  of  (sudden),  iii,  976 

—  contraction  of  (tonic),  iii.  971 

—  diphtheriH  of,  iii,  979 

—  epithelial  defects  of,  iii,  956 

—  flstuIsB  of,  iii,  980 

—  guses  of,  iii,  974 
absorption  o'*,  iii,  97& 

—  hsemorrhagic  infarcts  of,  i,  214 

—  hyperamia  of  (mechanical),  iii,  967 

—  impervionsness  of,  iii,  977, 978 

—  intussusception  of,  iii,  977 

—  musculature  of,  exhaustion  of,  iii, 

972 

fatty  degeneration  of,  iii,  972 

nacrous  of,  i,  214 


Ismrm,  perforation  of,  iii,  979 

—  peristaltic  moTementa  of,  iii,  960 

energy  of,  decreaaed,  iii,  978 

increased,  iii,  959,  963, 

967 
influenoeofnenreaon,iii.961 

—  solutions  of  continuity  of,  iii,  979 

—  volvulus  oi,  iii,  976 
brroxiOATiOH,    putrid    (vide    Septi- 

csBmia) 
Ibchxkia  (vide  Annmia) 
IsOHinuA.  paradoxa,  iii,  1267 

Jauvdicb  (vide  Icterus) 
JoUTTS,  inflammation  of,  i,  273 

—  uric  acid  deposits  in,  iii,  1119, 1121 

KnuTiTiB,  i,  263,  272,  286 ;  ii,  540, 

599 
KiDVXY,  abscesaof,  iii,  1169,  1210 

—  amyloid  d^reneration  of,  ii,  689  ; 

ui,  1175, 1197, 1199, 1275 

—  anemia  of,  iii,  1234 

—  blood-stream  through,  interrupted, 

iii,  1152 

—  calcification  of  glomeruli  of,  ii,  647 

—  compensatory  hypertrophyof.i,  130, 

138;  iii,  1239 

—  contracted  or  granular,  i,  460;  ii, 

675;  iii.  1138, 1176, 1179 
senile,  iii,  1199 

—  cyanotic  induration  of,  iii,  1144 

—  cysU  of,  iii,  1180,  1226 

—  embolism  of,  i,  225 

—  fatty  changes  of,  ii,  669,  676 ;  iii, 

1331 
iu  epithelium  of,  iii,  1146 

—  flattening  of  papilUe  of,  iii,  1234 

—  glomerular  epithelium  of,  ill,  1160 

—  gravel  in,  iii,  1266 

—  infarcU  of,  i,  220 ;  ii,  665, 571, 677  ; 

ui,  1212 

—  inflammation  of  (see  Nephritis) 

—  necrosis  of,  i,  216 

—  <Bdema  of,  iii,  1225,  1232 
~  pelvis  of,  ectasis  of,  iii,  1228 
stenons  of  (cicatricia]),  iii, 

1227 
stones  in,  iii,  1227 

—  sand  in,  iii,  1256 

—  stones  in.  iii,  1266 

—  wounds  of,  iii,  1168, 1210 
Kmis-JOIVT,  ankylosis  of.  ii.  676 
Ebbatxnik,  increased  excretion  of,  iii, 

1368 
KTPBoeEOiJOSia,  i,  102 ;  iii,  1022 

liACTATIOlf,  ],  461 
LABTX6XTI8.  iii,  1057 

—  croupous,  iii,  994 


^^^^^^r^                                    ^1 

[                   LABTIf  X,  ftnostbesia  of,  iti,  1037 

LCNOB,  i^nngrene  of.  iii,  1053                        ^^| 

^^_            — -  liyperiD«tbeiiti  of,  iii,  1038 

—  hwmorrhii^  per  rhpxin  of,  iii.  1016        ^^| 

^H           —  polypus  of,  iti.  992 

—  liu«iiiorrhiic:ic    iufsrcts   of,    i.    217.         ^^| 

^H           —  BtifDOttis  (>r,  iii,  ifJ'S 

210,  41 1  ;  iii,  1016,  1053                         ^H 

^H           Lrau  colic,  ii),  971.  1143,  1153 

^  induration  nf,  iii,  1016                               ^^H 

^^1            —  pnifloiiing',  ii.  Gil ;  ut*  1175 

brown,  ii,  695  ;  iii,  1014                    ^H 

Lbcithik,  ii.  679 

slaty,  iii.  1047                                        ^H 

LxpRf^r,  ii,  728 

^  inflHiinn  nf  portions  of,  iii,  1009              ^^H 

—  biicilliof.  i,  3l3;ii,737 

—  UTOotio  foci  in,  iii.  1016                          ^^M 

—  CBdvBia  of.  i.  522;  iii.  1014,  1103,        ^H 

—  mutilaus,  li,  561 

LKPTOUKNiNOiTxa,  puniJenU  ii>  681 

1289                                                          ^M 

LspToraaix  buccnlin.  ii,  t)5l 

—  phthisis  nf,  ii,  669 ;  iii,  1048,  1053          ^H 

Lkuciw.  iii,  947 

—  piff-nicnt  in,  iii,  1046                             ^^^^H 

Lmrcoc^TB.KjirA,  i,  429,  470 

~  tubt^rcttlosis               1053                    ^^^^^H 

Leccocittoiia,  ii,  788 

-    tumours  of,  iii,  1016                        ^^^^M 

Lkocoma,  i,  360 

ii.  729                                         ^^^^H 

Lbvkjkmia.  i,  396.  470,  488;  ii.  068. 

Ltmph,  coa^Ubility  nf,  i,  207             ^^^^| 

691,  726;  iii.  1117.  1154 

—  in  influmroatiin.  i,  266                       ^^^^H 

LlKUKJlKtJHIf'H  OLAMfS.  111.  949 

—  in   meclisnicfll    hypcmmis,  i,  156,         ^^M 

LiMK  UETA8TA0BS,  ti,  642 

160                                                             ^H 

Lipoma,  ii.  754,  762 

—  production  of.  i.  123.  141,  419,  502         ^H 

LiHTXtt'B  trentinont  of  wnundt,  i.  203, 

LTHrHAMQIDHA.  ii.  7&4                                          ^H 

304 

KYVPRAN0ITI8,  i,  505                                             ^^M 

Lintopjimoii,  U,  043 

Lthpiiatic  ^Isnds,  i,  603                              ^^M 

LirBB,  abKMi  of.  iii,  884 

hypertropb.v  of,  t,  130.  471.490         ^H 

—  acutfl  ■tropbj  of,  i,  393;   ii,  673; 

— infective,  i.  344  ;  ii,  781                   ^H 

Iii.  891.  917 

inflauiniatnry.  ii,  724,  781              ^H 

—  —  necmfi*  of.  iii.  885 

iiwrlling  of.  i,  269                                   ^H 

^            —  »myloid   deg^'nenition    of,   ij,  689; 

—  Tou^ls.  abM)r|)t)im  tif  fiil  by.  i,  222          ^^M 

^B                  iii,  886 

transudation  by,  i,  340                    ^^M 

^^H          —  blood 'CorpiMclp»,  fonniitioR  of,  in. 

einbulisiii    of  (by  tumoars).  ii,         ^H 

^H                   i,  471  ;  iii,  884 

79U                                                            ^M 

^^B         —  cells  of,  (tisaup«anioce  of,  Iii*  889, 

infUmmstioii  of.  i.  505                       ^H 

^                 914 

—  —  tbrotobosit  of.  i,  505                              ^^H 

1                 —  drCDlfttion  of,  iii.  882 

LVMPnouA,  i,  471  ;  ii.  75^  776.  781,         ^H 

F                 —  drrboeU  of.  ii.  675;  iii,  886,  913. 

808. 810                                                        ^H 

f                          950 

LTUPHOHaaAGiA,  i,  606                                ^^M 

^_            —  f«tty  cluinge*  in,  ii,  669;  iii,  917, 

LTUPnoHAROoMA,  i.  471.  464;  ii,  743,         ^^| 

K                  l»3l 

781.810;  iii.  U)08                                      ^H 

^H          —  meiutatic  foci  io,  i,  238 ;  iii,  888 

LruPnosABcouAToeis,  iii.  1006                 ^^M 

inmonre  in.  ii.  812 

LrMPU-BTBXAU.  i,  264.  502 ;  ii,  796            ^H 

—  nutmeg,  ii,  675.696 

angnienutioo  of,  i.  166.  264»         ^^| 

—  pathology  of,  iii,  880 

280.468                                                    ^M 

—  rapture  of,  i.  223 

impedinwnts  to,  1,  507                        ^^M 

—  tumours  of,  iii,  886 

^^H 

LWGS,  tklveolar  ectas«s  of,  iii.  1013 

Malabia  (vide  Pebrts  inlrrmittcns)             ^^M 

^            —  stelecUjiifi   of,    ii,   674;    iii,    1012, 

Mamma,  sdsaoma  of,  ii.  771                  ^^^H 

^K                  1019,  1023.  1067,  1070 

Mbaslks.!,  307,  314                              ^^^H 

^^f           —  cavities  in,  i,  101 

M  BOALOBLABTi.  i,  482                                       ^^^^H 

—  cirrhosis  of,  i,  100;  iii,  101*;,  1047 

Msuk.vxMtA.  ii.  605 ;  iii,  883                ^^^^| 

—  compCDsatory   hypertrophy  of,   iii, 

MxLAKOMA,  ii,  696                                 ^^^^H 

1010 

Mkninoitib,  i,  272,  298.  317                  ^^^B 

—  compression   of,  i*  101;   iii.  1017, 

—  basilar,  i.  89;  iii.  £r71.  1308                       ^H 

1023 

MKKSTBCATioir.  liajtuorrhsfre  of,  ],  992         ^H 

—  elssticily  of,  dimlDtakcd,  iii,  1024^ 

Mkbchrt,  p»i«nninf;  by,  acute,  i,  S9S            ^^| 

1065 

chronic,  i,  393                                       ^H 

^^B           —  eraphywiiiN    uf,    i,    101,    102;     iii. 

MnBtrTxnic  olavvs,  caseation  of.  iii.         ^H 

^B                   1013,  lO;^.  1042,  1065,  1067 

986                                                             ^M 

P                 —  fatty  cinboIifTO  of,  i,  22;i 

MsTADOLiBH,  in  ffvcf,  iii,  1368                     ^H 

1                   —  for-vi^ti  ImkIics  iu,  iii,  1044 

—   itict^asfd,  iii.  1321                                          ^^H 
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Mktabolibk,  physiological,  u,  629 
MxTAXBirxxF,  ii,  684 
HxTASTATic  TOCi  (vide  Embolic  Foci) 
Mbtxosxsv,  iii,  076,  1063, 1067 
Mktkitis  ohbonioa,  ii,  711 
Miasma,  i,  806 
MlCBOBLAflTS,  i,  482 
HiCBOCOCCi,  i,  200,  802.  394 

—  in  the  kidney,  i,  345,  406 ;  iii,  1208 

—  in  the  nrine,  iii,  1133,  1256 

—  oreffi,  iii,  1251 
MiCBOcms,  i,  484. 479 

Milk  globales  in  the  nrine,  iii,  1133 

—  sugar  in  the  urine,  iii,  1124 

MOKBTKA  FKB  BXCSSSITK,  ii,  740 

MoBBrB  Addisonii,  ii,  697 

—  Basedowii,  j.  71,  91 ;  ii,  780 

—  Brightii,  i.  452 

—  —  acute,  iii,  1167 
chronic,  iii,  1174 

—  maculotUB  Werlbofii.  i,  397,  400 
MouLDfl,  formation  of,  ii.  668 
MovBHEKTS,  physiological  muscnlar, 

ii,  533 
Mrcix-UBTAMOBPHOSis,  ii,  683 
Mucous  MB3IBBANB8,  inflammation  of. 

i.  273.  325,  332 

— purulent,  i,  308 

polypi  of.  ii.  724 

Muctfs  of  mouth,  iii,  826 

■  increased  production  of,  iii, 

832 
Mumps,  i,  308 
McsCLBS,  atrophy  of,  ii,  539,  606,  615, 

618 

brown,  ii,  697 

progxeRsive,  ii.  619 

—  degeneration  of,  fatty,  ii,  676,  1094 
waxy,  ii,  686 

—  exhaustion  of,  iii,  1094 

—  feebleness  of,  in  gout,  iii,  1121 

—  in  diabetes,  iii,  939 

—  in  fever,  iii,  1404 

—  pseudo-bypertropliy  of,  ii,  623 
MracULi    crico-aryteen.  postici,  para- 
lysis of.  iii,  995,  998 

—  thyro-  and  arytceno>cpiglotidi,  para- 

lysis of,  iii,  1033 
Mtcodzbma  tiki,  iii,  834 
Myelitis,  acute,  i.  296,  521 
Mtoma,  ii,  754,  772,  776 
Myositis,  i,  299 ;  ii,  611 
Mtbinoomtcosis,  i,  498 
Myxoma,  ii,  683,  754,  776,  809 


Nabal  catitieb,  narrowing  of,  iii,  990 
NECH0S18,  i,  123.  211.  230,  282,  246, 

300, 337 ;  ii,  547 
—  typhoid,  ii,  566 


Nbphbxtis,  i.  278,  819,  822,  460, 46S; 

iii,  1158 

—  acute,    acute   hemorrli^ic,   acute 

parenchymatooa,  and  crottponM,  m, 
1167,  1283, 1294^  1806 

—  chronic,  iii,  1174^  1306, 1310, 1312 
hannorrhagic,  iii,    1178,    1275, 

1286 
~-  —  with  amyloid  degenemtion,  iii, 
1200, 1205. 1275, 1290, 1296, 1307 

—  subacute,  iii,  1197 

—  suppurative,  iii,  1208 

—  tuberculous,  iii,  1212 
Nbbvbb,  atrophy  of.  u,  618 

—  regeneration  o(  ii,  716 

—  trophic,  i.  284;  ii,  538 
Nbbtous  btbtbm,  corpora  am  jlacea  in, 

ii,  694 

—  ■~~  fatty  changes  in,  ii,  678 
in  fever,  iii,  1401 

irritability  of,  reduced,  iii,  1326 

Nbbtus  accelerans,  i,  86 

—  depressor,  i,  96, 118 

—  laryngeus  sup.,  iii,  1036 

recurrens,  paralysis  of,  iii,  995, 

1033 

—  splnncbnicuB,  i.  111,  120. 130,  139 

—  sympatbicu3,i,  120,  139.  159 

—  trigeminus,  iii,  1035 

—  vagus,  i.  86,  96, 284 ;  iii,  868,  1000. 

1004, 1086, 1398 
Neubaloia,  i,  116, 136 ;  ii,  719 
Nettbitis,  ii.  611 
Nbuboma,  ii,  754.  776,  783 
Neubosis  of  the  nerv.  vagus,  iii,  996 

—  vaso-motor,  i.  69,  116.  136 
NiTBOOES,  increased  excretion  of.  iii. 

1368 
Noma,  ii,  559 
Nobmoblabts,  i.  482 
Nose,  defects  of.  iii,  1032 

—  habitual  htemorrhajire  from,  i,  397 
NrcLEi,  atrophic  proliferation  of,  ii, 

613 
NUTBITIOX,  pathology  of,  ii,  529 

—  progressive  disturbances  of,  ii,  T(M 

Obesity,  ii,  6G3 

OcHBOyoais,  ii,  697 

Odontolith,  ii,  661 

(Edbma,  i,  126,  141,  157,  256,  461,510 

—  collateral,  i,  323,  517 

—  ex  vacuo,  i,  518 

—  hypostatic,  i,  521 

—  inflammatory,  i,  323,  517 

—  nephritic,  iii,  1282,  1315 

—  nervous,  i.  520 

—  of  the  abdominal  oreans,  i,  609 
CEbofhaoits,  atresia  of  (oonfeuitaljul 

839 
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im 


(SsOFHAarB.  carcinoina  of,  iii,  638, 842 

—  dilatation  of,  iii,  839 

—  diverticula  ot\  iii.  837 

—  miuciilar  paralysis  of,  iii,  839 

—  perforation  and  rapture  of,  iii,  841 

—  stenosis  of,  iii,  837 
Ouaxuii.  (vide  Aunmia) 
OLiaocTTH^HiA,  i,  429,  473,  478 ;  iii, 

1076 
Oliottbia,  iii,  1240 
Ontchoha,  ii,  754 

PflTBOBLASTB,  ii,  633 

Osteoclasts,  ii,  607, 631 

OSTSOID  SUiiaTAXOB,  ii,  630 
OsTBOKA,  ii,  764,  773,  t)09 

OSTBOMALACXA,  ii,  629 
OSTEOMTBLlTIfl,  1,  471 

OvABT,  cystoma  of.  ii,  684, 775 
Otekhbatino,  iii,  1328 
UXAI.VBIA,  iii,  1265, 1269 
OzYOBir,  consumption  of,  rednced,  iii, 
1065, 1084 

—  deficiency  of,  ii,  656,  662,  666 ;  iii, 

1079, 1085. 1089, 1101 

PACHTHEiriifoiTis,    hemorrhagic,    ii, 
695 

—  purulent,  ii,  581 

Palatb,  paralytis  of  muscli^s  of,  iii,  836 
Palfitatiok,  nervous,  i,  68,  91 
Pancbeas,  iii.  941 

—  atrophy  of,  iii,  936,  942 

—  carcinoma  of,  iii,  943 

—  fatty  degcnenHiott  of,  iii,  936,  942 

—  cedema  of,  i,  419 
Panobbatic  juioe,  iii,  944 
Hbsorption  of,  iii,  948 

diminished  secretion  of,  iii.  943 

Paniots  vascalosns.  iii.  869 
Pasaolobuub,  i.  173 
Pabalbumiv.  ii.  684 
Pa&altsis.  infantile,  ii.  619 
Pabaxetbitib,  iii,  1228 

PBAKLT  DISEASB,  ii.  728 

Pbxphigvs.  ii,  541;  iii,  1171 
PsFTOKsa,  iii,  846 

—  impeded  absorption  of,  iii,  860 

—  in  urine,  iii,  1125 
Pbbiabtbbitis  fibrosa,  i,  378 
Pebibsokchitib  fibrosa,  ill,  1047 
PEBiOABBitiS  externa,  i,  48 

—  fibrinous,  i,  48,  324 

—  bsBmorrhagic,  i,  331 
PBBiCABuirv.  effusion  of  fluid  into,  1. 

21,29,81 

—  njnechia  of,  1.  48,  56,  79,  378 
Pebitokitis,  i,  299,  302,  336;  iii.  897, 

972,  1228 

—  hemorrhagic,  i,  831 

—  purulent,  ii,  681 ;  iii,  874 


PniTTPHiiTis,  iii,  1064 
Pbbspibatioit  in  fever,  iii,  1382 

suppression  of,  iii,  1329 

Pbtbchlb  (vide  Eochymoses) 
Petbohial  ttthus,  i,  393, 405 
Phabtvz,  stenosis  of,  iii,  991 
Phbkoi.,  iii.  977 
Phlbbitxb.  i,  176 

—  spontaneous,  i.  203 

—  snppumtive,  i,  202.  230. 378 

—  traumatic,  i,  203 
Phlbomokb,  i,  268.  272 

—  laryngis  (vide  (Edema  glottidis) 
PHOSFHOBtrs.  poisoning  by.  acute,  i, 

388,  393,  476;  ii,  673;  iii,  917. 

1116 

chronic,  ii,  709,  726 

Pbthxbib,  general,  iii,  1056 

—  mesenterica,  iii,  985 

PlouBirr,  formation  of ,  i.  408 ;  ii.  695 
PiOHBNTATioy    of   atrophic    adipose 
tissue,  ii.  697 

_  muscles,  ii,  697 

PiqObb,  iii,  925 

Platxkum,  acute  poisoning  by,  i,  392 

Plxthoba,  i,  413 

—  action  on  the  blood-stream  of,  i,  425 

—  —  Kcretions,  i,  468 

—  apocoptica,  i,  424 

—  artificial,  i,  416 

—  faydrsBmic.  i,  322.  461, 454, 511 ;  iii. 

1189, 1278,  1280 

—  of  the  new-bom,  i,  426 

—  true,  i,  424 

Plbfra,  synechia  of  the,  i.  101. 106 ; 

iii,  1018. 1070 
PuEVBixis,  i,  336 ;  iii,  1030 

—  fibrino-pnrulont  and  fibrino- serous, 

iii.  1021 

—  hsBmorrhagic,  i,  831 

—  purulent,  i,  323,  330,  373 ;  ii,  681 
PLETmo-PKETTHOiriA.  iii,  1064 
PKBrvoviA,  i,  273 

—  after  division  of  vagus,  i,  284 ;  ii, 

510;  iii,  1049 

—  croupous,  i,  308;  iii,  1016,  1067 

—  lobular,  i,  234 

PKEmOTHORAX.    1,     101  J     ill.     1010, 

1020,  1042 

—  bilateral,  iii.  1092 
PoiKiLOGYToaia,  i,  481 
PoiBOBlKO-  with  araeniuretted  hydro* 

gen.  mushrooms,  pyrt^allic  acid, 
chlorates,  hydrochloric  acid,  ill. 
1127 

POLTJEMIA  (vide  Plethora) 

PoLTCHOUA,  iii,  890 

PoLTDiPfliA,  iii,  1140 

POI.TUBXA,  iii,  932.  1140.  1240, 1271 

Pbbssvbb-atbopht.  ii.  791,  817 
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PiTAUfli^n.  11136^1111 

—  aM«KarMi«  ^  %a7,  «** 

PrUHVAVT    art«ffM%    4 

UwimAsm  if,  i,  im,  l«l,  um; 
Zii,zr7,n^i  ».iwi^ 

—  *■-   HWMMS  ACdWW  •■»  IB*  IWI-  i 

fatty  —iluiifiwi  oC  i,  223 

—  c«re«btM»,  pvtJMlofjr  0C,  i,28 

—  9tkm^  nip«fia»rBto   to 

'm,'i,\VJ\'ni,  JOaSf 
^'  »i«nii>  sHerstMia  of  «alb  oC,  i,  6S ; 
m^lOTl 

—  —  ditftUtiAa  «f,  i,  69 

—  —  bjpTBttift  of,  K  Itf 

iiUwMiw  of,  i,  101,  i2S;  Hi,  1069 

Pruc,  i,  »6 

—  sMKUfstHm  of,  i,  S7,  437  ;  in.  868^ 

—  ftrbytbrnis  of,  i,  8* 

—  rctonlMion  of,  i,  87;  tii,  808,  910, 

1300 

—  *ftT«,  loirering  of,  i,  60 
Fcriiiuii  cvtn,  i,  ffl,  70 
l'tiiaATirKi,infloenc«of,OD  pericUHic 

iwrvmoenut,  iii,  963 
Pr«-co»rcicxj»,  i,  267,  287 

—  taUy  deifettentioa  of.i,  855 ;  ii,  677 
Prt-roiNov,  I,  328 

PUfTVLKK,  i.  273 

PTJtMU,  U  202, 235, 318. 874 ;  U,  556 ; 

iii,  1^19.1208,1210 
PTiLiTii,  ii,  541 ;  iii.  1210 

—  diphtheritic,  iii.  1249 

—  If  ropho-Mrcomatoos,  iii,  1249 

—  parulimt.  iii.  1210,  1249 

—  tubercnlont.  iii.  1249 
FrRLO'iisrHlilTis,  t.  345  ;  iii,  1209 
pT!/Oknt,  iit«no«is  of,  iii,  865 
FrnwRPHKOSifl.  iii.  1234 
fruoanvio  lubrtancmi,  iii,  13G3 

lUoniTiM.  il.  029 

Kioto* VAOi]fAi;<  rifTOLA,  iii,  981 

KiamSHATloif,  1.360,366;  li.  633. 712 


]40» 
—  ecBtn;  an,  999.  Ifl9fi> 

aiitaWilj  <i;  i, 
SwlOfiS 


—  OTrfSaec,  in.  1009 
UmiEsiwm  Trmcsa,  S,  712;  7S2 
Rnvmo  vmam,  m,  1264 
RmvA,  atrophj  «C  U  21< 

—  haawwifciiftta  ia,  m^  UU 

Rbtiv  im  AUPMigi;KMTi,m,lt9a,l>l  1 

Bhstma,  i,  319 

RasniATic   fktkb,  i,  306^  382;  Si, 

1169 
BiCB-WATXB  noou,  iii.  872.  963. 955 
Kioom  MOBTU.  ii,  665 
BieoBS.  iii.  1363.  1383, 1S91 
RrsoB  (ioflannnatorj).  i.  268 

Sauta.  diminiibed  iecrctioD  of,  m,  830 

ftAUTABT  CALCITLVS,  ix.  651 

Saints,  defirient  rapply  of  alkafiiie.  ii. 

627 
Sabciva  ynTBiciTLi,  iii,  869 
Sabooka.  ii,  764.  776,  792, 806, 810 

—  mdanoUc.  iii,  G06 

—  mjeli^enic.  i.  472 ;  ii,  810 
ScABBUio.  ii,  S6S 

SOABLBT  nTBB,  i.  307,  321.  464;  iii. 

1129, 1169 
exaothem  of,  i.  263 

—  —  kidnejt  in.  iii,  1168 
SCHIZOMTOBTBS,  i.  198,  381,  495;  ii. 

666,  696;  iii,  1364 
SCBOTULA,  ii.  733 
SoiTBTT,  i,  396.  400 
SxPiHEMTiTV  i^TBBxrnrM,  iii,  1256 
SirsiB,  i,  329 


^^^^^^H^^^^^^Hk^^^^^^^^^^l^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^l 

hg      •  ,n 

Hs^TTC£MU,  i.  8US,  412 ;  ii,  682,  819 

Stomach,  evacuation  of,  im])eded,  iii.            1 

V     SiQUEfiTHrx,  ii,  578 

850,856                                                        M 

Sn>SBoais  wi^uowu,  ii,  638 ;  iii,  1047 

—  fermentation  in,  iii,  857                        ^^^| 

8Kl3r» arteries  of,  contraction  of  <tonic)» 

—  fistuhi  of,  iii.  874                                   ^^H 

ili,  13B0,  1392 

—  iusufflciencT  of,  iii,  859                         ^^^H 

—  irritation  of  wall  of,  iii,  870                 ^^^| 

dilatation  of,  iii»  1319 

—  utropby  of,  ii,  612 

—  perforation  of,  iii,  874                          ^" 

—  cancer  of,  ii.  805 

—  peristaltic  movements  of.  disturbed. 

—  rbiUing  of.  iij,   1130,  1170.   1175, 

iii,  850 

1287 

—  self-digestion  or   loftening  of,  iii. 

—  ciroiilatton  of,  in  fever,  iii,  1888 

875 

—  deiquamation  of,  i,  321 

—  strictures  of  (cicMtricial),  iii,  861 

—  dropey  of  (.icute).  i,  518 

—  tumours  of,  iii,  861 

—  hTperesmin  of,  iii,  1338 

Stovatitib  mbboubialis,  i,  299;  iii. 

—  cedBua  of,  in  tricliinosii,  i,  617 

827 

—  scalding  of.  iii.  1340 

Steychmkb,  poiiouing  by,  1, 113 

—  temperature  of,  id  fever,  iii,  1387 

SrrrocATioM,    iii,    997,    1087,    1091, 

—  veneU  of,  bloml-itrcftm  id,  iii,  1337 

1092 

nervM  of,  iii,  1386 

SUOAB,  decomposition  of,  reduced,  iii. 

permeability  of,  incrcaaed,    iii, 

938 

1286 

—  in  the  blood,  iii,  921                               ^^M 

Skai^lpox,  i,  307,  382;  ii,  600 

—  in  thi'  urine,  iii,  923,  1124                     ^^^| 

—  bflRmorrbapic,  i,  393,  4S15 

Sttn-strokk,  iii,  1333                                 ^^^| 

SMAKB-BITB8,  i.474 

.SrprrsATioN,  acute,  i,  223                      ^^^| 

SkbbzIVO,  iii,  1035 
B       SOPTBKITIQ,  ii,  666 

^f     —  mucous,  of  cartilage,  ii,  683 

—  chronic,  ii.  691                                           ^^^H 

Sweat,  secretion  of,  iii,  1320                           V 

in  fever,  iii,  1355, 1382.  1394                 ■ 

'         Stasmtb  OLOTTiBis,  iii,  996 

SwBLLlKO,  cloudy  (vide  Degeneration.             H 

SFiiACEi.rB  (vide  Gangrene,  moist) 

parenchymatous)                                          I 

Spdcal  gob3>,  atrophy  of  (cccondarj), 

STKOviTia,  i.  382                                             ■ 

ii.  621 

Stpbilis,  i,  307,  373,  381,  S93 ;   ii,             ■ 

focal  disease  of,  i,  107,  136 

691.  708;  iii,  1008,  1170, 1176           ^^H 

Uc<fi*ation  of  cervical,  iii,  1S42 

^^^H 

sclerosis  of,  ii,  620 

Tapb-wosm,  iii,  965                                    ^^H 

solutioasof  contiiiaityof,  i,  107, 

Tbbth,  caries  of,  ii.  651                           ^^M 

136;  iii.  1142.1340 

TnfPEBATUBB,  abnormal,  ii,  563              ^^^| 

SFTBILLtTM  Obxkvbibbi.  i,  312,  382, 

—  agonal,  iii,  1346                                      ^^W 

—  elevation  of,  i.  77 ;  iu,  1114, 13S4.             ■ 

495;  iu.  1364,1396 

SPLIBM,  amyloid  degenentiooof,  i,  470, 

1333, 1342,  1351. 1390,  1415                      ■ 

u,687 

—  febrile,   iii.   880.   832,   848,    1351,             ■ 

—  atrophy  of,  ii,  612 

1395, 1414                                                     ■ 

—  diiuiuutiuo  iu  vise  of,  i,  469 

—  influence  of,  on  heart,  i,  74                           H 

—  extirnation  of,  i,  469 

—  functions  of.  i,  468 

on     peristaltic    movcmcnta    of     ^^B 

intestines,  iii,  963.  973                        ^^M 

—  hypertrophy  of,  acate,  i,  469 

—  post-mortem  rise  of,  iii,  1348               ^^H 

chronic,  i,  469 

—  roduotion  of.  i.  167 ;  Iii,  1S42               ^^H 

inflammatory,  i,  269  t  ii,  724 

TmBXUB,  iii,  986                                       ^^H 

—  infarct  of.  i,  220 ;  ii,  577 

—  ud  nmtulnm,  iii.  1264                              ^^H 

—  in  fever.  ii,725 

Tehatoma,  ii,  754,  760                               ^^H 

—  necrosis  of,  i.  216 

Tbsticleb,  utropby  of,  ii,  541                    ^^V 

SnSVIO  FBTBH,  i.  307 

—  compensatory    hypertrophy    of,    i,              ^ 

Ucillus  of,  i,  »07, 496 :  Ui  1133 

130,133                                                  ^M 

Sfosbb,  i,  311 

—  tumours  of,  retained,  ii,  771                  ^^^| 

Stbatosbboca,  ill,  946 

Tbtancs,  iii.  1153. 1324                             ^^M 

Stbnocaadu  (Tide  Anginn  Pectoris) 

Tbobacic  TUMoirBfl.  iii,  1017,  1022           ^^M 

STOltACii,   abiorpUou  from,  impeded. 

Thorat,  rigidity  of,  iii,  1063,  1U64                 ■ 

^            iii,  864 

THBOXHOPQLEOrTIB,  ),  231                             ^^^1 

H    •  adhesions  of.  iii,  851 

TSBOMBOsra,  i.  172,  207.  23t>,  402           ^^M 

■     -  catwrh  of,  iii.  848,  861,  853 

~  due  to  compression,  i,  179,  209            ^^^H 

■    —  ililatetion  of,  vi,  860, 1109 

diUtAtlon,  i„  17fi                       ^^^t 

H 

^^^H 
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Thbokbobib,  maranticr  i,  179,  209 

—  traumatic,  i,  175 

THBOHBUfl,  aatochthonoos  or  primary, 
i,  180 

—  bmigpi  or  bland,  i,  229 

—  calcification  of,  i,  196 ;  ii,  648,  660 

—  colourless  or  white,  i,  188,  402 

—  decoloration  of,  i,  192 

—  infectare  or  malignant,  i,  229 

—  mixed,  i,  190 

—  obstrnctire,  i,  180 

—  organisation  of,  i,  198 

—  origin  of,  i,  188 

—  parietal,  i,  117, 180,  404 

—  propagated,  i,  180 

—  purif orm  or  yellow  softening  of,  i, 

197,  230 

—  putrid  softening  of,  i,  206,  230 

—  E«d,  i,  188,  288 

—  simple  softening  of,  i,  196 

—  unuB-like  degeneration  of,  1, 196 

—  valvular,  i,  180 
Thyicus,  atrophy  of,  i\,  609 

—  hyperplasia  of,  iii,  996 
Thtboid  olakd,  atrophy  of,  ii,  611 

—  hypertrophy  of,  u,  688,  719,  726, 

764,  779,  809;  iu,  992, 1022 
Tissvxs,  cells  of,  diuntegration  of,  i, 
288 

—  ^  necrosis  of,  i,  288 

—  —  prc^essive  changes  in,  i,  288 
reproductive  capacity  of,  ii,  608 

—  constitueuts  of  (inorganic),  ii,  626 

—  degenerative  cbangea  in,  i,  840 

—  lesions  of  (primary),  i,  340 

—  regenerative  processes  in,  i,  360 

—  resistance  of  (power  of),  ii,  563 
ToNSiLB,  stones  in,  ii,  651 
Tbaohba.  bending  of,  iu,  992,  1092 

—  cicatricial  strictures  of,  iii,  993 

—  fistula  of.  iii,  1084 

—  granulations  in,  iii,  994 

—  narrowing  of,  iii,  992 

—  scabbard  form  of,  iii,  992 
TbaCHSOTOHT,  ii,  598 ;  iii,  1034 
Teahsfttbiok  of  blood  from  a  different 

species,  i,  438 ;  iii,  1127,  1865 

same  species,  i,  438 

•—  central  arterial,  i,  442 

—  of  salt-solution,  i,  444 

—  peritoneal,  i,  406,  442 

—  venous,  i,  441 
Tkaksitsatiok,  i,  166,  261,  292,  602, 

511 ;  ii,  718 

—  into  the  pleural  cavity,  iii,  1021 
Tbxohikobzs,  i,  309;  iii.  965,  1064, 

1066 
Tbophobsitbosss  (vide  Atrophy,  oen- 

rotie) 
TBTTsnr,  iii.948 


TUBKBOLBS,  poverty  in  vessels  of,  ii, 

739 
TXTBMBCUimiBy  i,  378;  ii,  691,  728; 

iii.  1016, 1068 

—  bacilli  of,  iii,  1054 

in  urine,  iii,  1134 

TuMOB  (inflammatory),  i,  268,  821 
TimoUBB,  abdominal,  iii,  1063 

—  aBtiol(^y  of,  ii,  756 

—  biology  of,  ii,  783 

—  oahnflcation  of,  ii,  643,  786 

—  colloid  degeneration  of,  ii,  786 

—  embryooio  germs  of,  ii,  760 

—  fatty  degeneration  of,  ii,  677,  786 

—  generalisation  of,  ii,  788,  796 

—  growth  of,  ii,  784 

—  hetevologons,  ii,  771 

—  importance  of,  i,  461 ;  ii,  786,  816 

—  infectiveness  of,  ii,  813 

—  inherited,  ii,  762 

—  malignancy  of,  ii,  788,  792 

—  necrosis  of.  ii,  787,  819 

—  nutrition  of,  ii,  785 

—  ulceration  of,  ii,  787,  819 

—  vessels  of,  i,  398 ;  ii,  785 
TYKPAinTss.  iii,  975 

Ttphoid  tzvxb,  i,  307 ;  ii,  668,  596 ; 
iii,  1129 

sloughs  in,  ii,  678 

Ttthxtb,  i,  893 
TraoBiM,  iii,  947 


Ulobb,  ii,  679 

—  atheromatous,  i,  176 

—  cancer-like,  ii,  804 

Ulcus  sdcplbz  tbntbicuu,  ii,  660; 

iii,  870,  876 
Ubshia,  iu,  882,   869,  1238,   12M, 

1324 

—  acnte,  iii,  1804 

—  chronic,  iii,  1288, 1807 
Ubba,  iii,  1114 

—  excretion  of,  increased,  ii,  678 ;  iii, 

937, 1368 

—  in  bile,  iii,  888 

—  in  blood,  iii,  1187, 1297 

—  in  saliva,  iii,  832 

—  production  of,  increased,  iii,  1881, 

1368 
Ubbtbbitis,  iii.  1210 
Uxbtibs,  cicatricial  strictures  of,  iii, 

1286 

—  doubling  of,  iii,  1228 

—  insertion  of,  aboormal.  iii,  1SS8, 

1236 

—  occlusion  of,  iii,  1231, 1296 

—  stenosis  of.  iii,  1227.  1829^  1885. 

1896 

—  valves  in,  iii,  1828, 1286 


^^^^^^^^^^^^NDE^^                                   1488     ^ 

CiutrBiu,ftt.nctttrv  of,  iil,  ISSl,  ISfiJ. 

CftlKB,  dioiinutioD  uf.   iit,  662.   1142,       ^H 

129*i 

1 146, 1  lei,  U6-141SS.  U(K».  122S,        ^H 

Uaio  i.ctD.  iii,  1116 

^M 

cnritiUji,  iii,  1266 

—  evncoatioD  of,  iii,  126S                             ^^M 

inftnrt,  iii.  1117,  1226.  I«W 

—  ferincnUtioD  of.  «cid,  iii,  1250                  ^H 

UuirARr  apuarntuA.  pithologr  of.  iU. 

alkaline,  iii,  1246, 1850,  L26S         ^M 

1106 

—  in  amyloid  degmtcntioD  of  the  rvoal         ^H 

—  —  phyiiolofpcal    fancCiuu    of,    Hi, 

veueU,  iil.  l2(Ki                                       ^H 

U70 

—  in  fever,  iil,  1406                                       ^^M 

—  bUdd«r.  cttrcinonm  of,  iii.  ia40 

'—  in  gloraorula-iicphritiji,  iii,  1164             ^^H 

—  —  constrictor  of,  tonic  oMtitrmctioii 

—  iu  iftcrus  i,  47ti;  iii,  000                  _^^^^| 

of,  iii.  1264 

—  in  nepliritiv,  ncute.  iii.  1178             ^^^^^| 

dilntation  of,  iii.  1806 

—  umyluid,  iii.  1205                   ^^^^^H 

diTerticuU  of,  Ui,  1S66 

chronic,  iii.  1181,  1198         ^^^^H 

fMblBaeu  of    (mutcnUr).    iii. 

supimrntivf.  iii.  1210            ^^^^H 

1866 

—  iiicr«iiMd  Kucrotion  of,  i.  428 1  iii»^^^^^| 

hyp«rmthcfte  of  (nervooi),  iii. 

1130,11!^                                                  ^H 

U64 

—  reootioD  of,  iii,  1113                                 ^^H 

—  —  hvpotvopbT  of  (moKuUr).  iii, 

—  KlenUou  of.  iii,  1266                               ^H 

1866 

—  salt*  of,                                           ^^^^1 

InnarrsdoD    of,  lUilurbedi    iii, 

'—  —  diiijioQtion  pf.  iii,  1112               ^^^^^| 

1866 

—  —  incrvmti' of,  iii.  1113                    ^^^^^H 

paralysii  or  puosis  of,  ill,  1251 

—  Mcretion  of,  iii,  11U&,  1135              ^^^^| 

itonea  in,  iii,  980,  1230,  1360, 

—  torulfli  in.  iii.  1251                             ^^^H 

^^                  U64 

—  water  of,  iii.  1 108                                ^^^^H 

^H tmnoan  of.  iii,  1230, 1804 

UBOfiTLiir.  i.  476;  iil,  1122                            ^M 

^■^          —  cuts,  iii,  1155.  U64.  1236 

(TsTicAJiiA.  wheaU  of,  i,  520;  ii,  541            ^H 

r                  —  —  epithelial,  iii,  1172 

Utskua,  carcinoma  of,  iii,  1229                       ^H 

1                 flbnnoas,iii,  1178 

—  fatty  involution  of.  ii,  677                        ^^| 

1                 —  —  granuUr,  iii,  1172 

—  hyperpbuitt  (clironle)  or  rJironlc  iu-         ^^M 

1                  hvalini*.  iii.    1147.    1150,   11U6. 

tarct  of,  ii.  711                                  ^^^^M 

b                 1172 

—  myocna  of,  ii,  760                              ^^^^H 

^B          —  coDcrettoD*.  iii,  1843,  I8(VA 

—  pnerperal  atrophy  of,  ti,  610            ^^^^H 

^^ cjitin-.phoiphatieandxanthln-, 

^^^^H 

1                          iU.UtiO 

VuucKS,  i.  146,  170,  886                      ^^^M 

^_ oulic  mcid,  iii,  1£6U 

Vauola  (Tide  Smnllpoi)                          ^^^^1 

^^B nric  ttfid,  iii,  1266 

Va&A  rABOEUM,  t,  U»5.  378                     ^^^^M 

^H           —  coustittWDU,  excretion  of,  iii,  1870 

hyperiemia  of,  t,  142                   ^^^H 

i                  nboorinal.  iii,  1273 

Taso-oixatobs,  i.  118                                  ^H 

L                rctcution  of.  iu  blood,  iil,  129S> 

—  iuflaeiioo  nf.  on  lymph-producUon,  i,         ^H 

^K                  1S95.  1310 

141                                                                  ^M 

^^P          —  —  •pcciflo.  iii,  1114 

•—  loss  of  irritability  of.  iu  fever,  iii.         ^^M 

^          —  flitubB.  Ui.  1845, 1 868 

1386,  13113                                                ^H 

—  pMMgM,  diMAMS  of  mOCOUa  OMID- 

VASO-MirroRH,  i.  113                                       ^H 

bruw  of.  iii,  1240 

centre  for,  i,  96.  107,  1 13,  428           ^H 

aecroKflof  macoofltncnibnuicof. 

iuHaeDceofearbonic  acidou,        ^^M 

m,  1864 

i.97                                                       H 

nhatacles  tu,  i,  460  ;  iii,  1225 

in  fvvcT,  increaMMl   irritability         ^^M 

aolutioiu   of  coutinmty  of.  iii, 

of.  iii.  1303                                         ^^H 

1243 

pnralyiis  nf.  i,  136                        ^^^^H 

—  pigmeot,  i.  430;  iii,  1182 

VnilB.  tiir-ctul>oltiini  of,  i.  SS6                 ^^^^^^H 

—  tubulci,  epitbclinm  of,  calciflcaUon 

—  dllatatiou  of.  i.  62,  100                     ^^^^H 

of,  iii.  1215,  1226 

—  iiiiufficiency  of  valves  of,  i,  62         ^^^^^H 

^_ cloudy  iwellJQg  "f,  iii,  1881 

—  pblvl)0lith«        i.  11^;  ii.  648, 660  ^^^^| 
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